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The work presen ted  in  t h i s  t h e s i s  has shown t h a t  Nh dubius has 
a marked immunosuppressive e f f e c t  on th e  e x p u ls io n  o f  T, s o i r a l i s  
from.mice which was m a n i fe s ted  by a d e la y  in th e  r e j e c t i o n  o f  
T. s o i r a l i s «
Using c e l l  t r a n s f e r  tech n iq u es  i t  v;as shown t h a t  both priming  
and e x p r e s s io n  o f  m e s e n te r i c  lymph node c e l l s  was a f f e c t e d  by 
N, dubius .  Experiments d es igned  to d e t e c t  suppressor  c e l l  a c t i v i t y  
in  t h i s  system provided eq u ivoca l  r e s u l t s .  The l o c a l i z a t i o n  of  
l a b e l l e d  lymphoblasts  was a l s o  examined in  M. dubius and T. s o i r a l i s  
i n f e c t e d  mice and i t  was found t h a t  th e  enhanced homing o f  lympho­
b l a s t s  to  the  small  i n t e s t i n e  o f  T. s o i r a 1 i s  i n f e c t e d  mice was 
delayed  by 8 days when a concurrent N. du bius i n f e c t i o n  was p r e s e n t .
The a b i l i t y  of  mice to  mount a p e r ip h e r a l  ( subcutaneous)  
inflammatory response  t o  a b i o l o g i c a l l y  i n e r t  f i l t e r  was a l s o  
i n v e s t i g a t e d .  No d i f f e r e n c e s  were d e t e c t e d  in  the numbers or r a t e  
of  accumulat ion o f  macrophages or polymorphs onto th e  f i l t e r s .  An 
attempt to  examine macrophage a c t i v i t y  h i s t o c h e m i c a l l y  during  
N. dubius i n f e c t i o n  was found to  be o f  l i t t l e  v a lu e .  Responses o f  
m e s e n te r i c  lymph node c e l l s  from M. dubius  i n f e c t e d  mice to  PHA 
were depressed  throughout  th e  f i r s t  f o r t y  days o f  i n f e c t i o n  but i t  
proved im p o s s ib le  to  l i n k  t h e s e  r e s u l t s  t o  the measurements obta ined  
from ' i n v i v o ' b l a s t o g e n e s i s ;  Concentrated  ES-products from 
N, dubius adu lt  worms were not t o x i c  for  lymphoid c e l l s .
In t h e  second s e c t i o n  th e  immune resp on se  a g a in s t  N. dubius  
was examined.  Attempts to  t r a n s f e r  immunity with  serum obta ined  
from m u l t i p l y  immunized mice were r e l a t i v e l y  u n s u c c e s s f u l  g i v i n g  a 
maximum p r o t e c t i o n  a g a in s t  c h a l l e n g e  i n f e c t i o n  of  on ly  26%,
X I 1 1
M esen ter ic  lymph node c e l l  and s p le e n  c e l l  t r a n s f e r s  a l s o  gave  
l i m i t e d  p ro te c t io n *  Splenectomy had l i t t l e  e f f e c t  on th e  s u r v i v a l  
of  a primary i n f e c t i o n  o f  N. dubius and did  not a l t e r  th e  response  
t o  a c h a l l e n g e  i n f e c t i o n .  As a r e s u l t  o f  the  problems encountered  
w ith  c e l l  and serum t r a n s f e r s  o ther  methods of  s t im u la t in g  a 
t r a n s f e r a b l e  immunity were undertaken.  The s u r v iv a l  of  i r r a d i a t e d  
l a r v a e  was examined and i t  was found t h a t  female worm f e c u n d i t y  was 
a b o l i s h e d  by i r r a d i a t i o n  a t  6 . 5 k . r a d s  and th a t  a red u ct ion  in  worm 
r e c o v e r i e s  could be brought about by doses  o f  lOk.rads and above.
At 25k .rads  v i r t u a l l y  no la r v a e  reached th e  ad u l t  s t a g e .  I r r a d ia t e d  
l a r v a e  were shown to  s t i m u l a t e  high l e v e l s  o f  p r o t e c t i o n  a g a in s t  
c h a l l e n g e  i n f e c t i o n  and t h e i r  e f f e c t i v e n e s s  was found to  be mouse 
s t r a i n  independent .
N. dubius adult  worms are not normally e x p e l l e d  from the  i n t e s t i n e  
o f  NIH mice during i n f e c t i o n .  However. N. dubius ad u l t  worms, 
s u r g i c a l l y  implanted in  low numbers (50 worms) were e x p e l l e d  from the  
i n t e s t i n e s  of  mice which were in  th e  p r o c e s s  o f  e l i m i n a t i n g  a '
T. s p i r a l i s  i n f e c t i o n .
The f i e l d  s t r a i n  o f  N. dubius i s o l a t e d  from A. s v l v a t i c u s  was 
not capable  o f  s u r v iv in g  in  NIH mice w i th ou t  immunosuppressive  
t rea tm en t .  However f i e l d  s t r a i n  p a r a s i t e s  immunized mice a g a in s t  
a c h a l l e n g e  i n f e c t i o n  o f  normal larvae  more e f f e c t i v e l y  than did  
normal la r v a e .
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ABBRE/IATICTS ( c o n t i n u e d )
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SC sp le e n  c e l l s
s / c  s u b c u ta n e o u s ( ly )
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m esen ter ic  lymph, l i v e r  and s p le e n ,
Tsp T r i c h i n e l l a  s o i r a l i s
w/v  weight /vo lume r a t i o
1 primary i n f e c t i o n
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GENERAL INTRODUCTION
Demographic data for  1975 showed t h a t  w h i l e  t h e  world p o p u la t io n  
was 3967 m i l l i o n s  t h e r e  were 4498 m i l l i o n  h e lm in th ic  i n f e c t i o n s  in  
man, 75% of  which were caused by i n t e s t i n a l  nematodes (P e te r s  1978) ,  
Although not cau s ing  as much m orb id i ty  as t h e  S ch is tosom es  or 
F i l a r i a e ,  t h e s e  p a r a s i t e s  may c h r o n i c a l l y  impair th e  h e a l th  o f  th e  
m a j o r i t y  o f  p e o o le  who harbour them. Such i n f e c t i o n s  are  p a r t i c u l a r l y  
common in  th e  Tropics  where th e  c l i m a t e  i s  i d e a l l y  s u i t e d  to  t h e i r  
t r a n s m i s s i o n .  Here th e  p e o p le  a l s o  have t o  contend w ith  p e r i o d i c  
outbreaks  o f  c l i n i c a l  n e m a to d ie s i s  in  t h e i r  domest ic  l i v e s t o c k ;  
r e s u l t i n g  in  l o s s  of  produ ct ion  and c r e a t i n g  fu r th er  problems.
In re c e n t  years  a number o f  s a f e  and e f f e c t i v e  a n t h e l m i n t h i c s , 
have been introduced w hich ,  to g e t h e r  w ith  improved methods o f  animal  
husbandry,  have r e s u l t e d  in  th e  s u b s t a n t i a l  c o n t r o l  o f  g a s t r o i n t e s t i n a l  
p a r a s i t e s  in  western c o u n t r i e s .  However, the  l i m i t e d  a v a i l a b i l i t y ,  
and more im portant ,  h igh c o s t  o f  t h e s e  drugs have r e s t r i c t e d  t h e i r  
u s e  in  th e  underdeveloped areas  where th ey  are needed.
The search  for  a l t e r n a t i v e  methods o f  c o n t r o l l i n g  nematode 
p a r a s i t e s  has cen tred  around th e  immunological  a s p e c t s  o f  i n f e c t i o n .
I t  i s  g e n e r a l l y  accepted  t h a t  a b e t t e r  understanding  o f  th e  immunology 
and pa tho logy  o f  d i s e a s e s  w i l l  c o n t r i b u t e  towards a s o l u t i o n  o f  th e  
problems they  p r e s e n t .  Of cou rse  to  be e f f e c t i v e  any s o l u t i o n  must  
make f u l l  u s e  o f  a l l  a v a i l a b l e  methods in c lu d in g  a n t h e l m i n t h i c s ,  
husbandry,  s a n i t a t i o n  and v e c t o r  c o n t r o l .  One form o f  c o n t r o l  which  
has been s u c c e s s f u l  in  t h e  p a s t  and holds even g r e a t e r  p o t e n t i a l  for  
th e  fu tu r e  i s  th e  p r e v e n t io n  o f  C es to d e ,  Nematode and Trematode 
d i s e a s e s  by immunisation.  Some o f  th e  ways in  which immunisation  
has and might make a c o n t r i b u t i o n  are o u t l i n e d  b r i e f l y  below.
Throughout t h e i r  l i f e  c y c l e  i n t e s t i n a l  p a r a s i t e s  bombard the  
immune system o f  th e  h o s t  w ith  a m u l t i p l i c i t y  o f  a n t i g e n s .  Attempts  
to  co n fe r  p r o t e c t i o n  have used a v a r i e t y  of  worm p r e p a r a t io n s  as a 
means o f  in tro d u c in g  t h e s e  a n t ig e n s  i n t o  th e  h o s t .
On th e  assumption t h a t  ' p r o t e c t i v e  a n t i g e n s '  must o r i g i n a t e  
somewhere w i t h in  th e  p a r a s i t e ,  k i l l e d  organisms or homogenates o f  
worms, have been t e s t e d  as v a c c i n e s  in  experimental  an imals .  These  
'dead v a c c i n e s ' ,  th e  c r u d e s t  form o f  an t igen  p r e p a r a t io n ,  have in  
th e  m a jo r i ty  o f  c a s e s  f a i l e d  to  p r o t e c t  ( s e e  Review Clegg and Smith  
1 9 8 0 ) .  S o l u b l e  a n t ig e n s  d er ived  from p a r a s i t e s  have a l s o  been used  
in  immunisation.  The main work in  t h i s  area has been concerned with  
a n t ig e n s  which are b e l i e v e d  to  be in vo lve d  in  p e n e t r a t io n  and f e e d in g .  
Obvious ly  any hos t  resp on se  a c t in g  a g a i n s t  t h e s e  products  would 
impair or prevent  p a r a s i t e  e s ta b l i s h m e n t  and/or  s u r v i v a l .  Such 
' s o l u b l e  an t igens*  have been s u c c e s s f u l  p a r t i c u l a r l y  w ith  the  
T rich u r o id  nematodes T. s o i r a l i s  and T. muris (Despommier and Muller  
1970 ,  Jenkins  and V/akelin 1977)# In t h e s e  c a s e s  th e  source  of  th e  
s o l u b l e  a n t ig e n s  was in  t h e  s t ichosorae ,  a g land s t r u c t u r e  compris ing  
o f  some 30-40  c e l l s ,  s t i c h o c y t e s  which c o n ta in  la r g e  numbers o f  
s e c r e t o r y  g r a n u le s ,  Despommier and Muller ( l 9 7 0 )  used i s o l a t e d  gran­
u l e s  t o  immunize animals and found p r o t e c t i o n  ranging from SO to  90%. 
Jenkins  and Wakelin ( l 9 7 7 )  found t h a t  a s t ich o s o m a l  s e c r e t i o n  was 
ex tre m e ly  e f f i c i e n t  (90% p r o t e c t i o n )  a t  immunizing mice .  P r o t e c t i v e  
a n t ig e n s  are not always as easy  to  l o c a t e ,  however,  s i m i l a r  s u c c e s s  
has been reported  by Rothwel l  ( l 9 7 8 )  and Stromberg and Sou lsby  ( l 9 7 7 )  
who found t h a t  s o lüble'  a n t ig e n s  o f  T r ic h o s tr o n a v lu s  c o l u b r i f o r m is  and 
A s c a r i s  suum p r o te c te d  guinea  p ig s  a g a in s t  homologous c h a l l e n g e .  
U n fo r tu n a te ly  t h e s e  s u c c e s s e s  have been in  l a b o r a to r y  animals  o n l y ,  
and have not  been extended to  o ther  systems and to  c l i n i c a l  t r i a l s .
3One n o t a b le  e x ce p t io n  to  t h i s  i s  the  p r o t e c t i o n  of  c a l v e s  a g a in s t  
Taenia s a o ln a ta  u s in g  p a r a s i t e  a n t ig e n s  obtained  from in  v i t r o  
c u l t u r e  (Rickard and Adelph 1978) .  Now t h a t  more s o p h i s t i c a t e d  s e p a r a ­
t i o n  tec h n iq u e s  are a v a i l a b l e ,  enab l ing  th e  i s o l a t i o n  and c o n c e n t r a ­
t i o n  o f  the  important  h os t  p r o t e c t i v e  a n t ig e n s  many more v a c c i n e s  
w i l l  probably be d ev e lo p e d .
In many la b o ra to ry  models o f  helminth  i n f e c t i o n s  the  b e s t  p r o t e c ­
t i o n  obta ined has been through p r io r  exposure of  th e  hos t  to  a com­
p l e t e l y  normal i n f e c t i o n .  This  o f  course  has many d isa d v a n ta g e s  
because  of  the damage which some o f  t h e s e  p a r a s i t e s  can i n f l i c t  on the  
h o s t ;  immunity i s  a c h ie v e d ,  but at  a p r i c e .  With t h i s  in  mind at tempts  
have been made to expose  animals to  a t ten u ated  p a r a s i t e s  which cause  
l e s s  patho logy  but s t i l l  a l low  p r o t e c t i v e  immunity to d e v e l o p .  
Attenuated  p a r a s i t e s  are a l s o  easy  to  produce (by i r r a d i a t i o n ) ,  c o s t  
l e s s  than con ven t ion a l  a n th e lm in th ic s  and need a t  most 2 d oses  to  
p ro v id e  very  high l e v e l s  o f  p r o t e c t i o n  (Urquhart 1977) .  They are  
t h e r e f o r e  th e  most a t t r a c t i v e  agent for  use  in v a c c i n a t i o n  and indeed  
have been the  most s u c c e s s f u l  to  d a t e ,  w ith  one in p a r t i c u l a r  proving  
to  be a major commercial s u c c e s s .  'D ic to l*  th e  l i v e  i r r a d i a t e d  
v a c c i n e  a g a in s t  lungworm o f  c a l v e s ,  D ic ty o ca u lu s  v i v i o a r u s , did n o t ,  
as was ex p e c te d ,  h era ld  a new era when v a c c i n e s  would be produced  
a g a i n s t  a l l  t h e  major he lm inth  p a r a s i t e s  o f  man and h i s  domest ic  
s t o c k .  Attempts to  produce other  i r r a d i a t e d  v a c c i n e s  have had d i s ­
a p p o in t in g  r e s u l t s ,  not always r e l a t e d  to  the  q u a l i t y  of  th e  v a c c i n e .  
The v a c c i n e s  a g a in s t  lungworm of  sheep ,  and hookworm of  dogs  are  
examples of  v a c c i n e s  t h a t  were u n s u c c e s s f u l  because o f  lack o f  con­
sumer i n t e r e s t  and mismanagement in  a p p l i c a t i o n  r e s p e c t i v e l y  ( s e e  
•Urquhart 1977,  M i l l e r  1971,  1978) .  Recent rep or ts  o f  i r r a d i a t e d  
v a c c i n e s  a g a in s t  bov in e  and ov in e  S ch is to so m e s  (Taylor e t  a l  1976 
Taylor  e t  a l  1978) s u g g e s t  th a t  th e  v e t e r i n a r y  u s e  o f  t h i s  method o f
immunization i s  y e t  t o  be f u l l y  r e a l i s e d .
Another method o f  v a c c i n a t i o n  i s  t h a t  o f  h e te r o lo g o u s  immuniza­
t ion *  Again t h i s  makes u s e  o f  a l i v e  p a r a s i t e ,  u s u a l l y  a r e l a t e d  
s p e c i e s ,  which ca u s es  l e s s  damage to  th e  h o s t  or a g a in s t  which th e  
h o s t  r e a d i l y  deve lops  immunity.  The o b j e c t  i s  to  expose  t h e  h o s t  to  
some o f  th e  a n t ig e n s  shared between th e  p a r a s i t e s  which may then  
prove  t o  be p r o t e c t i v e .  E x ten s iv e  work has been done on c r o s s  immun­
i t y  between Sch is tosome s p e c i e s  (summarised by Eveland, Hsu and Hsu 
1969) but whether th e r e  i s  cross - im munity  between S .  haematobium and 
S .  mansoni in  man remains unanswered* However, Nelson ( l9 6 6 )  did  f ind  
t h a t  th e  p r ev a len ce  o f  S .  b o v i s  in  c a t t l e  minimised S.  haematobium 
I n f e c t i o n s  in  man. Systems i n v o lv i n g  h e te r o lo g o u s  . p r o t e c t i o n  have 
been used mainly  as l a b o r a to r y  models and have not been employed in  
c l i n i c a l  t r i a l s .
There are  a l s o  a number o f  recorded c a s e s  where immunity a g a i n s t  
helm inths  has been achieved  by the  use  o f  agents  which s t i m u l a t e  
r e s i s t a n c e  n o n - s p e c i f i c a l l y .  B a c i l lu s -C a l m e t t e -G u e r i n  (BCG), has been  
found t o  be e f f e c t i v e  in. p r o t e c t i o n  a g a in s t  Echinococcus m u lt i l  o c u l a r i s 
in  c o t t o n  r a t s  (Rau and Tanner 1975) and a g a in s t  E. g r a n u l o s i s  in  j i r d s  
(Thompson 1976) by enhancing a p r e - e x i s t i n g  weak immune r es p o n se .  
Obvious ly  t h i s  n o n - s p e c i f i c  s t i m u l a t i o n  o f  p r o t e c t i o n  has t h e  advantage,  
t h a t  th e  hos t  need not be exposed to  th e  p a r a s i t e  or even t o  p a r a s i t e  
a n t ig e n s  but has th e  d is a d v a n ta g e  t h a t  the  e f f e c t i v e n e s s  o f  th e  t e c h ­
nique may depend on th e  t im e o f  a d m in i s t r a t io n  o f  the  s t im u la n t  in  
r e l a t i o n  to  p a r a s i t e  exposure .
One o f  th e  major problems w i th  research  on p a r a s i t i c  d i s e a s e s  in  
man and in  many animals i s  t h a t  o n ly  e p id e m i o lo g ic a l  and c l i n i c a l  
s t u d i e s  are p o s s i b l e .  These p rov id e  in form at ion  on th e  cu r r e n t  s t a t u s
5o f  th e  i n f e c t i o n  but cannot p rov id e  d e t a i l s  o f  th e  p rev io us  exposure  
record  o f  th e  h o s t  to  t h e  p a r a s i t e .  Only o c c a s i o n a l l y  can t h e  r e l a t i v e  
luxury  o f  c o n t r o l l e d  exper imenta l  programmes o f  v a c c i n a t i o n  be a f fo r d e d ,  
and t h e s e  in  an im als ,  not  in  man. The mechanisms which e l i m i n a t e ,  or 
in  some c a s e s  f a i l  t o  e l i m i n a t e  p a r a s i t e s  are not w e l l  understood*
For t h e s e  reasons  much o f  t h e  research  on immunity to  i n t e s t i n a l  
p a r a s i t i c  i n f e c t i o n  comes from th e  study o f  lab ora tory  model sy s tem s .  
Some o f  t h e s e  models are l i s t e d  here  ( s e e  Table l )  t o g e t h e r  w ith  a 
summary o f  th e  h o s t  resp on ses  thought to  be in vo lved  in  m ediat ing  
r e s i s t a n c e  to  th e  p a r a s i t e  concerned.  To a l l a r g e  e x t e n t  cu rre n t  
co n cep ts  o f  immune resp on se s  a g a in s t  i n t e s t i n a l  nematodes have 
developed  from th e  s u b s t a n t i a l  body o f  work car r ie d  out w ith  
N im ostrgn gY jU j^ ^  over the  p a s t  40 y e a r s .  The d i s c u s s i o n
in  t h i s  s e c t i o n ,  which i s  not intended  to  be an e x h a u s t iv e  l i t e r a t u r e  
review',  t h e r e f o r e  w i l l  l a r g e l y  be l i m i t e d  to  c o n s i d e r a t i o n  o f  t h i s  
s p e c i  e s .
The most commonly used method of a s s e s s i n g  th e  immune s t a t u s  of  
th e  h o s t  a f t e r  i n f e c t i o n  with  N. b r a s i l l e n s l s  i s  t o  count t h e  number 
o f  worms in  th e  i n t e s t i n e .  Laboratory h o s t s  are ca p a b le  o f  e x p e l l i n g  
i n t e s t i n a l  nematodes from th e  g u t ,  at  d i f f e r e n t  t im es  depending on th e  
h o s t  and p a r a s i t e  s t r a i n s  and th e  immune s t a t u s  o f  t h e  h o s t .  This  
e x p u l s io n  i s  known as ' spontaneous  c u r e ’ and was f i r s t  observed ( for  
N. b r a s i l i e n s i s ) in  r a t s  by A fr ic a  ( l 9 3 l ) ,  who n o t ic e d  t h a t  f a e c a l  
egg counts  from r a t s  dropped s h aro ly  during th e  second week o f  I n f e c ­
t i o n  and a l s o  th a t  worms were l o s t  from th e  i n t e s t i n e  over a p er iod  
o f  s e v e r a l  weeks.  A n a ly s i s  o f  th e  immune response  has been undertaken  
u s in g  a v a r i e t y  o f  h i s t o l o g i c a l ,  s e r o l o g i c a l  and c e l l u l a r  t e ch n iq u es  
o f  which t h e  most f r u i t f u l  have been ad o p t iv e  and p a s s i v e  t r a n s f e r  
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and R est in g  ( l9 7 9 )
2 Jacobsen and Reed ( l9 7 4 )
3 G o ie ,  Burger and Sadun 
(1970)
4 R ui tenb erg ,  Elgersma,  
Kruizinga and Leenstra
(1977)
5 Dineen and Adams (1971)
6 Wakelin and S e lb y  ( l 9 7 4 )
7 Moqbel (p erson a l  
communication)
8 Prowse,  M i t c h e l l ,  By and 
Jenkin ( l9 7 8 )
9 O g i l v i e  and Jones ( l9 6 S )
10 Love (1975)
11 Love,  O g i lv i e  and 
McLaren ( l9 7 6 )
12 Denham ( l9 6 9 )
13 Gonnan ( l 9 7 2 )
14 S e lb y  and Wakelin ( l 9 7 3 )
15 Moqbel (PhD Univ.  London)
16 Behnke and Parish  ( l 9 7 9 )
17 Nav/a and M i l l e r  (1978)
18 Nawa and M i l l e r  ( l 9 7 9 )
19 Nawa, Parish  and M i l l e r
(1978)
20 Despommier, McGregor, Crum 
and Carter  ( l9 7 7 )
21 Wakelin and Lloyd ( l 9 7 6 )
22  Wakelin and Wilson ( l9 7 7 )
23 Dineen and Wagland ( l9 6 6 )
24 Moqbel ( i n  p r e s s )
25 Cypess ( l 9 7 0 )
26 Behnke and Parish  ( i n  p r e s s )
27 M i l l e r  and Nawa ( l 9 7 9 )
28 O g i l v i e ,  Askenase ,  Rose 
(1980)
29 Befus and Bie nenstock  ( l9 7 9 )
30 Alizadeh and Wakelin ( l 9 8 0 )
31 Rothwell  and Dineen ( l9 7 2 )
32 Jenkins  (PhD Univ.  Glasgow)
33 Moqbel ( l 9 8 0 )
34 Jones and Rubin ( l 9 7 4 )
35 Chaicurnpa, Jenkin and F i sc h e r  
(1977)
36 Wilson and Bloch ( l9 6 8 )
37 G abr ie l  and Ju stu s  ( l 9 7 9 )
38 Rothwel l  and Huxtable ( l 9 7 6 )
39 Urquhart,  M u l l igan ,  Hadie 
and Jennings  ( l 965)
40  C a s tr o ,  Hess e l  and Whalen 
(1980)
41 Larsh ( l9 7 5 )
42 Wakelin and Wilson ( l 9 7 9 )
43 Dineen,  Gregg,  Windon, Donald 
and K e l ly  ( l 9 7 7 )
44 Moqbel and 'Wakelin ( l 9 7 9 )
r e c o n s t i t u t i o n .  From t h i s  work has come a p i c t u r e  o f  th e  v a r io u s  
f a c t o r s  known to  be in v o lv e d  in  mounting p r o t e c t i v e  immune responses»
The idea  t h a t  r e s i s t a n c e  to  many i n f e c t i o u s  d i s e a s e s  was mediated  
by humoral f a c t o r s  ra th er  than c e l l u l a r  components was in vogue in  t h e  
t h i r t i e s  when the  f i r s t  at tempts  a t  p a s s i v e  t r a n s f e r  o f  immunity 
a g a in s t  N. b r a s i l i e n s i s  were made. The r o l e  o f  serum f a c t o r s ,  and 
more s p e c i f i c a l l y  a n t i b o d i e s ,  has been c o n t r o v e r s i a l .  S a r l e s  and 
T a l i a f e r r o  ( l 9 3 6 )  p a s s i v e l y  p r o te c t e d  r a t s  a g a in s t  N. muris w ith  serum 
from immune animals and t h e r e  have been s e v e r a l  subsequent record s  o f  
s u c c e s s f u l  p a s s i v e  t r a n s f e r  a g a in s t  t h i s  and other  s p e c i e s  ( s e e  Table  l ) .  
However th e  r e s u l t s  are o f t e n  i n c o n s i s t e n t *  This i s  not  to  say th a t  
serum i s  unimportant in  immunity to  nematodes ,  i t  may w e l l  p lay  a key  
r o l e ,  but at p r e s e n t  t h i s  i s  not c l e a r l y  def ined* Indeed th e  f i n d i n g s  
of  Jacobsen ,  Reed and Manning ( l9 7 7 )  t h a t  N» b r a s i l i e n s i s  may be expel , led  
from mice  la c k ing  ant ibody p roduct ion  p o t e n t i a l ,  s u g g e s t s  t h a t  in  
c e r t a i n  s y s te m s ,  at  l e a s t ,  o ther  f a c t o r s  are more important in  cau s in g  
worm e x p u ls io n .
Fo l low ing  on from t h e i r  e a r l y  work on th e  p a s s i v e  t r a n s f e r  o f  
immunity to  N. b r a s i l i e n s i s  T a l i a f e r r o  and S a r l e s  ( l9 3 9 )  examined 
the  o r i g i n  behaviour and f u n c t io n  o f  c e l l s  in vo lve d  in  th e  in f la m ­
matory r e a c t i o n s  to  N. muris in  r a t s .  This was a h i s t o l o g i c a l  ra th er  
than an immunological  i n v e s t i g a t i o n .  I t  was many y ea rs  l a t e r ,  f o l l o w ­
in g  th e  d i s c o v e r y  o f  t h e  r o l e  of  t h e  lymphocyte in  immune r e s p o n s e s ,  
b e f o r e  any attempt was made to  t r a n s f e r  immunity t o  nematodes by u s in g  
c e l l s .  One o f  th e  f i r s t  w e l l - d e f i n e d  and s u c c e s s f u l  r e p o r t s  was t h a t  
of. Dineen and Wag land ( l 9 6 6 )  working w ith  T. c o l u b r l f o r m is  in  i s o g e n i c  
g u i n e a - p i g s ,  who t r a n s f e r r e d  immunity u s in g  c e l l s  ob ta in ed  from th e  
m e s e n te r i c  lymph node (MLNC), This  node i s  on th e  main r o u te  of  
lymphocyte t r a f f i c ,  by which c e l l s  from th e  i n t e s t i n e  pass  i n t o  the
10
t h o r a c i c  duct  lymph and r e - e n t e r  th e  gut mucosa v i a  th e  b lood  stream.
I t  i s  an obvious  sou rce  o f  c e l l s  cap ab le  o f  t r a n s f e r r i n g  immunity t o  
e n t e r a l  i n f e c t i o n s .  Many s u c c e s s f u l  c e l l  t r a n s f e r s  u s in g  m esen ter ic  
lymph node c e l l s  or t h o r a c i c  duct lymph (TDL) c e l l s  ( s e e  Table  l )  
have now been recorded .
As immunologis ts  have separated  th e  lymphoid c e l l s  i n t o  t h e i r  
v a r i o u s  s u b s e t s  so p a r a s i t o l o g i s t s  have attempted to  t r a n s f e r  immunity 
w ith  t h e s e  d e f in ed  c e l l  p o p u l a t i o n s .  The major d i v i s i o n  i n t o  
T" (thymus d e r iv e d )  - c e l l s  and B- (bursa[bone marrow] d e r i v e d )  - c e l l s  
i s  th e  one t h a t  has been commonly employed in  such work. Evidence i s  
a v a i l a b l e  from a number o f  systems i n d i c a t i n g  th a t  th e  r e l a t i v e  import ­
ance o f  t h e s e  two c e l l  t y p e s  may be d i f f e r e n t  in  d i f f e r e n t  sy stem s.  
Wakelin and Wilson ( l9 7 9 )  demonstrated t h a t  an immunoglobulin ( i g ” ) ,
T c e l l  f r a c t i o n  obta ined  from th e  m e s e n te r i c  lymph node was more 
e f f i c i e n t  than an immunoglobulin p o s i t i v e ,  B c e l l  f r a c t i o n  at  t r a n s f e r ­
r in g  immunity to  T. s o i r a l i s  in  mice .  The r e v e r s e  was found to  be th e  
c a s e  in  r a t s  u s in g  c e l l s  from TDL (Despommier, MacGregor, Crum and 
Carter  19 7 7 ) .  In n e i t h e r  c a s e  however,  were th e  T and B f r a c t i o n s  
p u re ,  but mere ly enr iched  for  th e  r e s p e c t i v e  components.
The p i c t u r e  i s  fu r th e r  com p lica ted  by the  i n a b i l i t y  to  t r a n s f e r  
immunity to  N. b r a s i l i e n s i s  in l e t h a l l y  i r r a d i a t e d  r a t s  and T. s o i r a l i s  
in  l e t h a l l y  i r r a d i a t e d  mice u s in g  MLNC a lo n e  as demonstrated by 
Dineen and K e l ly  ( l 9 7 3 ) ,  K e l l y ,  Dineen and Wagland ( l9 7 3 )  and by 
Wakelin and Wilson ( l 9 8 0 ) .  These authors  w=re ab le  t o  t r a n s f e r  im­
munity on ly  w i th  immune MLNC p lu s  bon= marrow (m ye lo id ,  B.M.) c e l l s .  
Furthermore i t  was shown t h a t  a p er iod  o f  BM d i f f e r e n t i a t i o n  was r e ­
quired  b e f o r e  c e l l  t r a n s f e r  was e f f e c t i v e  and i t  was concluded t h a t  
t h e  t im e d e la y  r e f l e c t s  th e  per iod  during which v a r io u s  o ther  c e l l  
p o p u l a t i o n s ,  macrophages,  e o s i n o p h i l s ,  b a s o p h i l s  are re p la c e d .
'.V. i l  •
Wakelin and Selby ( l9 7 6 )  were a b le  to  t r a n s f e r  inmunity t o  T. muris  
in  mice with  immune MLNC a l o n e ,  so t h a t  a c c e s s o r y  c e l l  p o p u la t io n s  
appear not to  be n e c e s s a r y  in  a l l  systems* O g i l v i e ,  Love,  Jarra and Brown 
( l 9 7 7 )  showed t h a t  antibody-damaged worms could  be e x p e l l e d  from 
i r r a d i a t e d  r a t s ,  a l s o  w i th ou t  t h e  aid of  an a c c e s s o r y  c e l l  populat ion*
There has been some s p e c u l a t i o n  about th e  r o l e  of  o ther  non­
lymphoid c e l l  p o p u la t io n s  in  worm e x p u l s io n .  Non-lymphoid c e l l  types  
are  c l o s e l y  a s s o c i a t e d  w i th  inflammatory responses  and, as th e  e x ­
p u l s io n  o f  many i n t e s t i n a l  nematodes occurs  when the  gut i s  in f la m e d ,  
i t  i s  hard ly  s u r p r i s in g  th a t  a T - c e l l  m ed ia ted ,  n o n - s p e c i f i c  in f la m ­
matory respon se  has been proposed as th e  e f f e c t i v e  mechanism (Larsh 
and Race 1975)* I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  e x p u ls io n  o f  
T. muri s  from mice i s  not a s s o c i a t e d  w i th  inflammation ( s e e  Table l )  
and, as was mentioned e a r l i e r ,  does not  appear to  r e q u ir e  a c c e s s o r y  c e l l  
p o p u l a t io n s  for  e f f e c t i v e  t r a n s fe r *
Other components o f  th e  inf lammatory response  have a l s o  been 
i n v e s t i g a t e d *  The r o l e  o f  amines ,  mast c e l l s  and IgE in  worm e x p u l s i o n  
r e c e iv e d  a g r e a t  d ea l  o f  a t t e n t i o n  in  th e  s i x t i e s  and e a r l y  s e v e n t i e s .  
Three d i f f e r e n t  mechanisms were prooosed:
I .  th e  r e l e a s e  o f  b io g e n ic  amines cau s in g  p e r m e a b i l i t y  
changes  in  th e  i n t e s t i n a l  mucosa and a l t e r a t i o n  o f  th e  
gut environment to  t h e  d e tr im ent  of  th e  p a r a s i t e *
(Urquhart,  M u l l ig a n ,  Eadie and Jennings ( l9 6 5 )*
I I .  in cr ea se d  gu t  p e r m e a b i l i t y  a l low ing  antiworm a n t i b o d i e s  
t o  reach th e  worms (Barth ,  J a r r e t t  and Urquhart 1966)
I I I .  r e l e a s e  o f  b io g e n i c  amines a f f e c t i n g  worms d i r e c t l y *
(Jones and O q i l v i e  I 9 7 l ) .
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With T* c o lu h r iF o rm is in  guinea p i g s  amines appear to  be 
d i r e c t l y  in v o lv e d  in  worm e x p u l s io n .  When S-hydxoxytryptamine (5 -HT) , 
an amine p res en t  in b a s o p h i l s ,  was g iv e n  i n t r a - i n t e s t i n a l l y  t o  guinea  
p i g s  e a r l y  in  T, c o l u b r l f o r m i s  i n f e c t i o n ,  worm ex p u ls io n  was 
acc-e lérated (R othw e l l ,  Dineen and Ir>ve 1971 );  a d m in i s t r a t io n  of  
amine i n h i b i t o r s  had th e  o p p o s i t e  e f f e c t .  In o ther  systems co n ­
f l i c t i n g  ev idence  and a f a i l u r e  to  c o r r e l a t e  the  numbers o f  mast  
c e l l s  w ith  worm e x p u l s io n  has caused t h e  h y p o th e s i s  to  be n e g l e c t e d .
The search  has cont inued  fo r  th e  v a r io u s  components in vo lved  
in  worm e x p u ls io n  and for  t h i s  reason agents  which have e f f e c t s  on 
in f lammation and gut m o t i l i t y  have been examined.  One o f  t h e s e ,  
P ro s ta g la n d in  (FGE^), was shown t o  a f f e c t  N. b r a s i l i e n s i s  worms 
in  v i t r o  (R ichards ,  Bryant ,  K e l l y ,  VVindon and D in een l977 )  and brought  
about worm e x p u ls io n  in  v iv o  (Dineen ,  K e l l y ,  Goodrich and Smith 1974a) ,  
However re c e n t  ev idence  has f a i l e d  to  support th e  involvement  of  P3E  ^
in  th e  immune ex p u ls io n  o f  M, b r a s i l i e n s i s  from r a t s  (K a s s a i ,  Redl,  
J e c s a l ,  B a l ia  and Harangozo. 1 9 8 0 ) ,
Other changes a s s o c i a t e d  w ith  Inflammatory p r o c e s s e s  occurr ing  
during th e  e x p u ls io n  o f  i n t e s t i n a l  nematodes ,  such as in c r e a se d  
l e v e l s  o f  p ero x id a s e  enzymes, ( a good measure o f  in f la m m a t io n ) ,  
v i l l u s  atrophy and c r y p t  h y p e r p l a s i a , in cr ease d  g o b l e t  c e l l  numbers,  
i n t e s t i n a l  t r a n s i t  t im es  and f l u i d  b a lance  have a l l  been examined 
but i t  has not been p o s s i b l e  to  l ink  worm e x p u ls io n  d i r e c t l y  t o  any 
one of  t h e s e  (C astro ,  Roy and S t o c k s t i l l  1974,  Manson-Smith, Bruce and 
P a rr o t t  1980,  M i l l e r  1979 ,  C a s t r o ,  H esse l  and V/halen 1980 and C a s tr o ,  
B a d i a l - A c e v e s , Smith ,  Dudrick and VVeisbrodt 1976) ,
Recent r e p o r t s  have d e s c r ib e d  th e  involvement  o f  e o s i n o p h i l s  and 
b a s o p h i l s  in  anti-worm a c t i v i t y  in  v i t r o  and In v iv o  (PST.Viî I980)  and
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t h e r e  has a l s o  been a r e v i v a l  o f  i n t e r e s t  in  th e  mast c e l l  but the  
e v id e n c e  fo r  th e  involvement  o f  t h i s  c e l l  in  the  e x p u ls io n  mechanism 
remains c i r c u m s t a n t i a l  (MacDonald, Murray and Ferguson 19 8 0 ) .  As 
y e t  an a l l  encompassing mechanism of  worm ex p u ls io n  has not been  
c o n s t r u c t e d ,  and i t  i s  indeed q u e s t i o n a b l e  i f  one i s  p o s s i b l e »
There have been s e v e r a l  a t tempts  to l ink  v a r i o u s  components to g e th e r  
in  such a way as to  e x p la in  worm ex p u ls io n  in  terms o f  ant ibody a c t io n  
on th e  worms p lu s  a c e l l u l a r  involvement  which e f f e c t s  ex p u ls io n  
( O g i l v i e  and Jones 1971) .  However, s i n c e  th e  p o s s i b i l i t y  e x i s t s  
th a t  some or a l l  o f  t h e s e  components a c t  ind ependent ly  and i n t e r -  
d ep endent ly  at  d i f f e r e n t  t imes  and at d i f f e r e n t  s t a g e s  during i n f e c ­
t i o n  in  any s i n g l e  s y s tem ,  most workers avoid r e f e r r i n g  to any g iven  
mechanism as being the  most important in  worm expuls ion*
THE PRE3PNT STUDY
One aporoach which might p rov ide  u s e f u l  in form at ion  regarding  
th e  r o l e  o f  th e  immune system in  r e g u l a t i n g  p a r a s i t i c  i n f e c t i o n  i s  
t h e  study of models in  which ex p u ls io n  (spontaneous cu re )  f a i l s  t o  
occur; th e  one chosen for study here  i s  N ematoso iro ides  dubius in  the  
mouse* N. dubius can s u r v iv e  in  th e  i n t e s t i n e  o f  th e  h o s t  for  up to  
e i g h t  months (Ehrenfoid  1954 ) .  Coupled w i th  t h i s  long s u r v i v a l  i s  
th e  f a i l u r e  o f  a primary i n f e c t i o n  t o  s t i m u l a t e  p r o t e c t i v e  immunity 
t o  r e - i n f e c t i o n .  Both t h e s e  c h a r a c t e r i s t i c s  make i t  an i d e a l  model 
for  t h e  study of  ch ron ic  i n t e s t i n a l  i n f e c t i o n s .
The s p e c i e s  N. d u b i u s . which b e lo n g s  to  the Heligmosomidae,was  
f i r s t  d e s c r ib e d  from th e  woodmouse Aoodemus s v l v a t i c u s  by B a y l i s  ( l 9 2 6 ) .  
S in c e  then  i t  has been recorded from a number of  h o s t s  ranging from 
t h e  f e r a l  house mouse,  Mus rnusculus to  th e  s a l t  marsh h a r v e s t  mouse,  
Reithrodontomvs m e g a lo t i s  (F o r r e s te r  I 9 7 l )  and th e  deermouse,
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Peronvscus m anîcula tus  (Babero and Matthias  1967) ,  The r a t  has never  
been reported  as a normal d e f i n i t i v e  h os t  in  N. America and Cross ( i 9 6 0 )  
found i t  im p o s s ib l e  to  e s t a b l i s h  i n f e c t i o n s  in  r a t s  w i th o u t  t h e  u s e  of 
immunosuporessant t r e a tm e n t .  However, Sk rjab in  ( l 9 5 4 )  has reported  
nat'iir,al i n f e c t i o n s  in  r a t s  in  Western Europe and in  th e  U .S .S .R .  I t  
i s  p o s s i b l e  t h a t  t h e s e  d i s c r e p a n c i e s  r e f l e c t  t h e  occurrence  o f  s t r a i n  
d i f f e r e n c e s  and p a r a s i t e  adaptat ion  and t h e s e  t o p i c s  w i l l  be d i s c u s s e d  
in  a l a t e r  s e c t i o n .
The l i f e  c y c l e  o f  N. dubius i s  g iv e n  below.
INFECTIVE (L3 ) LARVAE 
EXSHEATH IN STO.V1ACH
ORAL INGESTION
EGGS HATCH PASS TO SMALL INTESTINE
L i MOULT TO L2 , AND PENETRATE MUCOSA
L s  moult  TO L3 MOVE TO MUSCULARIS EXTERNA
WORMS MATURE, MATE,
EGG PRODUCTION BY 
DAYS 9 “10
JUVENILE PARASITES 
EMERGE FROM MUSCULARIS 
EXTERNA INTO LUMEN DAY 8 
POST INFECTION
The d e t a i l s  of  th e  l i f e  c y c l e  have been d escr ib ed  by s e v e r a l  au th ors .  
Their  f i n d i n g s  to g e t h e r  w i th  t h o s e  obta ined  in  t h i s  l a b o r a to r y  are  
shown in  Table 2 .  Some o f  t h e s e  r e s u l t s  are  c o n t r o v e r s i a l  p a r t i c u l a r l y  
t h o s e  o f  Ehrenford ( l 9 5 4 )  who d e s c r ib e d  on ly  t h r e e  moults  when i t  i s  
g e n e r a l l y  accepted t h a t  a l l  nematodes have fo u r .  Experience  has 
shown t h a t  with  only  minor m o d i f i c a t i o n s  th e  l i f e  c y c l e  d e s c r ib e d  by 
Bryant ( l 9 7 3 )  i s  s i m i l a r  t o  th e  c y c l e  obta ined  in  t h i s  l a b o r a to r y .
The major d i f f e r e n c e s  in  our system were
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b)  Pre p a r a s i t i c  moult  was completed w i th in  minutes  of  
i n g e s t i o n .
c )  No l a r v a e ,  sheathed or exsheathed  could be found f r e e  
i n  th e  lumen o f  th e  stomach or i n t e s t i n e  24 hours a f t e r  
i n f e c t i o n .
The p a th o lo g y  o f  N. dubius i n f e c t i o n  has been adequate ly  d e s c r ib e d  
by Liu ( l 9 6 5 )  and w i l l  not  be d i s c u s s e d  h e r e .
The main theme o f  t h e  work p resen ted  in  t h i s  t h e s i s  i s  th e  e l u c i d a ­
t i o n  of  th e  mechanism(s)  by which N* dubius p revents  or c ircumvents  the
immune resp on se  of  th e  mouse. In a n a ly s in g  th e  mechanisms four main
areas  o f  study were d e f in e d
1 . C h r o n ic i ty  o f  i n f e c t i o n
To ga in  in form at ion  on th e  immunosuppressive  
e f f e c t  and on t h e  long term s u r v i v a l  o f  N. d u b i u s , the  
e f f e c t  o f  N. dubius on the  a b i l i t y  of  mice to  respond to  
concurrent  T, s o i r a l i s  i n f e c t i o n  was examined.
2 .  I n t e r f e r e n c e  with  c e l l u l a r  f u n c t io n
The key c e l l s  in v o lv e d  in  immune r e sp on se s  are
lymphocytes and macrophages i f  t h e s e  are i n t e r f e r e d  with
then  immune r e s p o n se s  may be a l t e r e d .  For t h i s  reason  
th e  in  v i v o  and in  v i t r o  r e s p o n s i v e n e s s  o f  m e s en ter i c  
lymph node c e l l s  and macrophages during N. dubius i n f e c ­
t i o n  were examined.
3# S t i m u l a t i o n  o f  immunity t o  R e i n f e c t i o n
Before  examining th e  r o l e  o f  c e l l s  and serum in  
immunity t o  N, dubius i t  was e s s e n t i a l  t o  have methods  
o f  immunization which s t im u la te d  p r o t e c t i o n  in  donor
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animals* Various  immunization s c h e d u le s  were i n v e s t i ­
gated  and c r o s s  immunity s t u d i e s  with  f i e l d  s t r a i n  
o f  N. dubius  were undertaken .  The e f f e c t  o f  sp lenectomy  
on th e  c o u r s e  o f  N. dubius i n f e c t i o n  i s  re p o r te d ,
4# Use o f  Attenuated  lar vae  in  immunization
Up u n t i l  now th e  s t i m u l a t i o n  o f  immunity t o  N. dubius  
has in v o lv e d  th e  u s e  o f  m u l t i p l e  immunizing schedules#  
I r r a d ia t e d  l a r v a e  were used in  an attempt to  shorten  
t h e s e  le n g th y  s c h e d u le s .  The e f f e c t  o f  c o b a l t  60  
i r r a d i a t i o n  on th e  p a r a s i t e  i s  a l s o  d e s c r ib e d .
GENERAL MATERIALS AND METHODS
ANIMALS
a)  MICE
The f o l l o w i n g  s t r a i n s  o f  mice were u s e d r -  inbred NIH, inbred  
057 BL/ i O and outbred CFLP, purchased from Anglia Laboratory Animals,  
Huntingdon or from Bantin  and Kingman, Grimston,  and helminth f r e e  
inbred DBA^, F^NIH x C57 BL/i O and outbred CFLP bred in  t h i s  la boratory ,
In most experiments mice  were caged in groups o f  s i x  in  p o l y ­
p ropy lene  cages  48cm x 15cm x l3cm (North Kent P l a s t i c s  Ltd .)*
Sawdust or wood shavings  was provided  as bedding end rep laced  tw ice  
per week. Animal rooms were maintained on a 12 hour l i g h t - d a r k  c y c l e  
in  w in ter  but fo l low ed  day l e n g th  in  summer. Tap water and p e l l e t e d  
food (Grain Harvesters  L td . )  was a v a i l a b l e  to  th e  animals ad l i b i t u m .
F i e l d  mice (Apodemus s v l v a t i c u s ) were trapped ,  o v ern ig h t  w i t h in  
th e  Garscube E s t a t e ,  Bearsden ,  Glasgow by means o f  b a i t e d  Longworth 
t r a p s .  On return  to  th e  la b o r a to r y  t h e s e  mice were sexed and caged  
s i n g l y  in  metal  cages*
b) RABBITS
Three kg.  New Zealand White r a b b i t s  were used for  th e  product ion  
o f  a n t i s e r a .  These were housed s i n g l y  in  s l a t t e d  cages  in  the  animal . 
house o f  t h e  Department o f  M ic r o b io lo g y ,  U n i v e r s i t y  o f  Glasgow.
c )  PARASITES
Nematoso iro ides  dubius
The s t r a i n  used was obta ined  in  1975 from th e  Wellcome  
Research L a b o r a to r i e s ,  Beckenham, and has s i n c e  been mainta ined  
in  m ic e ,  u s u a l l y  outbred CFLP. I n f e c t i v e  t h i r d - s t a g e  la r v a e  (L3 ) 
were obta ined  by c u l t u r e  o f  f a e c a l  m a t e r i a l  from i n f e c t e d  stock
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mice in  th e  f o l l o w i n g  mannerî -
s tock  mice were p laced  in  a cage  with  a metal  gr id  b a s e ,  s u s ­
pended above a p l a s t i c  t ra y  c o n t a in in g  tap w ater .  After  four  
or f i v e  hours th e  f a e c a l  p e l l e t s  were c o l l e c t e d ,  washed t w ic e  
in  d i s t i l l e d  water and ground to a p a s t e .  About 0 . 2 5  -  0 .5 g  
amounts o f  t h i s  p a s t e  were spread c e n t r a l l y  on 7cm f i l t e r  papers  
(Whatmans No. l )  which were then p laced  in p e t r i  d i s h e s  c o n t a i n ­
ing 1ml o f  d i s t i l l e d  w ater .  The d i s h e s  were p laced  in  a dark 
cupboard at room temperature  (23*C) for  6 - 8  days .  During t h i s  
t ime th e  f i l t e r  paper was examined every two days and kept  
m ois t  w ith  d i s t i l l e d  w ater .  This procedure  a l lows  t h e  eggs o f  
N. dubius to  hatch and d eve lop  i n t o  i n f e c t i v e  la r v a e  (L^) ,  which  
then m igrate  i n t o  t h e  water around the  paper.
A f te r  c o l l e c t i o n ,  g r o s s  f a e c a l  contaminants were removed by 
p a s s in g  th e  l a r v a l  su sp en s ion  through s e v e r a l  l a y e r s  o f  nylon  
gauze .  Larvae were c e n t r i f u g e d  at 300g for  5 minutes and 
resuspended in  d i s t i l l e d  water to  g i v e  a count o f  10 0 0 - 2 OOO/ml. 
This  s tock  su sp en s ion  was h e ld  at  4*C in a s e a le d  50ml g l a s s  
c o n i c a l  f l a s k .  Larvae remain v i a b l e  ( i n f e c t i v e )  for  a t  l e a s t  
th r e e  months under t h e s e  c o n d i t i o n s .
Mice were i n f e c t e d  o r a l l y  w ith  th e  required  number o f  la r v a e  
in  0 . 2 ml d i s t i l l e d  water u s in g  a s y r in g e  and a b lunt  21 gauge  
n e e d le .  Care was taken to  avoid c r o s s  contaminat ion  o f  l a b o r a ­
t o r y  s t r a i n  c u l t u r e s  and t h o s e  o f  th e  f i e l d  s t r a i n  o f  N. dubius  
c o l l e c t e d  from Aoodemus s v l v a t i c u s * The number o f  l a r v a e / d o s e  
was found to  be ac c u r a te  to  w i t h in  -  10%.
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T r i c h l n e l l B  s o i r a l i s
The s t r a i n  used in  th e  exper iments  was obta ined  from th e  
London School o f  Hygiene and Trop ica l  Medicine and mainta ined by 
p a ssage  through outbred CFLP mice .  I n f e c t i v e  l a r v a e  were obta ined  
by d i g e s t i o n  of  s to ck  mice which had been i n f e c t e d  fo r  a t  l e a s t  
s i x t y  days .  One s tock  mouse was k i l l e d ,  e v i s c e r a t e d ,  minced and 
d i g e s t e d  for 2 - 3  hours in  50Onl o f  0.5% p ep s in  in  0.5% HCl at  
37*^ C w i th  con t inu ou s  a g i t a t i o n .  A f ter  removal o f  th e  c o a r s e  
sediment by f i l t r a t i o n  through gauze th e  la r v a e  were c o l l e c t e d  
by repeated  washing and s ed im en ta t io n  in  0 .* ^  NaCl. The larvae  
were suspended in  0 . 2% agar and th e  t o t a l  volume ad ju s ted  t o  g i v e  
t h e  required dose  in  0 . 2 ml.
ADULT worn R3:0VFRY
Both N. dubius and T. s o i r a l i s  were recovered u s in g  a modif ied  
Baermann techn iq u e  (Wakelin and Lloyd 197 6 ) .  Mice were k i l l e d  w i th  
ch loroform  and the  e n t i r e  small  i n t e s t i n e  was removed and cut  open 
along i t s  l e n g t h .  I t  was then  p laced  on a p i e c e  o f  gauze and sub­
merged in  40ml o f  p r e -h e a te d  (40*C) Hanks* balanced s a l t  s o l u t i o n  
(HBSS) i n  a 50n l  beaker .  Incubat ion  was cont inued  for 4 - 5  hours  
during which t ime worms migrated through the  gauze .  At t h e  end o f  
th e  in c u b a t io n  per iod  th e  i n t e s t i n e  was removed from t h e  beaker .
When re c o v e r in g  N. dubius i t  was found t h a t  r a i s i n g  th e  temperature  
t o  45-50*^0 fo r  30 minutes  a f t e r  removal o f  the i n t e s t i n e  from t h e  
beaker prevented th e  worms from becoming entangled  w ith  one another .
Worms were counted i n  a p e t r i - d i s h  soon a f t e r  in c u b a t io n .  I f  
not  counted immediate ly  beakers  were s to r e d  o v ern ig h t  at  4^C.
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B3G COUNTS
D a i ly  samples o f  0 . 5 - 1 . Og o f  f r e s h  f a e c e s  were c o l l e c t e d  in  a 
p l a s t i c  bucket from each group o f  mice between 9-10  am. The f a e c e s  
were ground to  a p a s t e  in  3Qml o f  a s o l u t i o n  o f  s a tu r a ted  s a l t  and 
tap  w ater  ( l î l )  and passed  through a metal  s i e v e  o f  mesh s i z e  300  
m icrons .  The co a rse  f a e c a l  matter  was fu r th e r  washed w i th  30ml o f  a 
s a tu r a te d  s a l t  s o l u t i o n .
At l e a s t  four samples o f  th e  su spen s ion  were counted in  a 
m odif ied  McMaster chamber as d e s c r ib e d  by Gordon and Whitlock  ( l 9 3 9 ) .  
Egg counts  are g iv e n  as eggs per gram of  f a e c e s .
ANTHELVJNTHIC
S tr o n g id - P  Paste  (P y r a n te l  embonate,  P f i z e r  L td . )  was d i l u t e d  
with d i s t i l l e d  water and used at  a dose  o f  lOOmg/kg to  remove 
N. dubius adu lt  worms; such a dose  i s  100% e f f e c t i v e  w i t h i n  one day.
No r e s i d u a l  e f f e c t  on i n f e c t i o n s  g iv e n  one day l a t e r  was ever recorded .
IMMUNOSUPPRESSION
C o r t i s o n e  a c e t a t e  ( C o r t i s t a b ,  The Boots Company L td . )  g iv e n  
su bc utan eou s ly  was used at  a dose  o f  1.0-1.25mg/raouse every two d ays .
ANTIBIOTIC
O x y t e t r a c y c l i n e  h y d r o c h lo r id e  (Terramycin, P f i z e r  L td . )  at  a con c­
e n t r a t i o n  of  l65mg/ l  was g iv e n  in  th e  d r ink ing  water to  mice  which  
had undergone surgery  or immunosuppression as w e l l  as t o  t h e i r  re levant ,  
c o n t r o l s .
SERUM COLLECTION
Blood was c o l l e c t e d  from mice by c a r d ia c  punc ture ,  u s in g  a 19 
gauge n e e d le  and a 2.0ml s y r i n g e .  The blood was a l lowed t o  c l o t  in  
a g l a s s  c e n t r i f u g e  tube f o r  3 hours a t  room temperature and then  kept
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at  4*C o v e r n ig h t .  The tube was c e n t r i f u g e d  for 10 minutes at  1800g 
and th e  serum was removed and s tored  in  smal l  a l i q u o t s  at  e i t h e r  
- 2 0 ^  or -40'^C. When r e q u ir e d ,  serum was i n j e c t e d  i n t o  r e c i p i e n t  
mice i n t r a p e r i t o n e a l l y  ( i / p ) .  Doses are g ive n  in  each experiment.
PRESENTATION AND STATISTICAL ANALYSIS OF RESULTS
Almost a l l  the  r e s u l t s  in  t h i s  t h e s i s  are p resen ted  in  th e  form 
o f  bat  c h a r t s  and l i n e  graphs ra th er  than in  th e  form o f  t a b l e s .  I t  
i s  hoped t h a t  t h i s  w i l l  e a s e  t h e i r  i n t e r p r e t a t i o n .  U nless  o th erw is e  
s t a t e d  error bars i n d i c a t e  -  one standard d e v i a t i o n  about t h e  mean. 
S t a t i s t i c a l  an a ly s es  are  not g ive n  when r e s u l t s  are o b v io u s ly  d i f f e r ­
ent or when no d i f f e r e n c e s  e x i s t .  The s t a t i s t i c a l  t e s t  used was th e  
non-parametr ic  Wilcoxon t e s t  (Sokal and Rohlf  1969) .  A v a lu e  o f  
P<0*05 was cons id ered  to  be s i g n i f i c a n t .
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SOLUTIONS
Modified  Hanks* Balanced S a l t  S o l u t i o n  (HESS) (Hopkins and 
S t a l l a r d  1974) .
" ’.Hanks' s o l u t i o n  was m od if ied  by exc lu d ing  g l u c o s e  and NaHOO^  
and in c r e a s i n g  the  remaining s a l t s  t o  an osmotic p ressur e  o f  
300 m-osmole.
SOLUTION 1
NaCl I 6 8 g
KCl 8g
KHgPO  ^ 2 g
Na^HPO  ^ 4g
0.2% Phenol Red 200  ml 
Made up to  2 l i t r e s  w ith  d e io n iz e d  w a ter .
SOLUTION 2
CaCl^.OH^O 3 .9 2 g
MgCl^.bH^O 2 . 00g
Made up t o  2 l i t r e s  w ith  d e io n iz e d  water .
105ml o f  s o l u t i o n s  1 and 2 were mixed and made up t o  1 l i t r e  
w ith  d e io n iz e d  w ater .  (F in a l  pH 7 . 2 ) .
Phosphate b u ffered  s a l i n e  (pH 7 . 2 ) .
Na^HPO  ^ 2 .8 4 g
NaH^PO .^OH^O 2 .7 6 g
NaCl 9 .00g
Make up t o  1 l i t r e .
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Trypan Blue ( c e l l  v i a b i l i t y )
Stock  s o l u t i o n  2g trypan b lue  (BDH) made up to  100ml w ith  
d e io n iz e d  w ater .  D i lu t e d  1 :2 0  in  HBSS fo r  use  in  dye e x c l u s i o n  
t e s t *
W e l q e r t ' s  Iron Haematoxvl in ( L i l l e  m o d i f i c a t i o n  1968)
SOLUTION A
F e r r i c  c h l o r i d e  (FeCl^.ôH^O) 2 . 5 g
Ferrous s u lp h a te  (PeSO^cVH^O) 4*5g
Hydrochloric  a c id  2.0ml
D i s t i l l e d  water 298.0ml
SOLUTION B
Haernatocylin l .Og
95% e th y l  a l c o h o l  1 0 0 . 0  ml
Mix s o l u t i o n s  A and B* S o l u t i o n  turn s  black  at  o n c e ,  can be 
used 2 -3  weeks or u n t i l  i t  turns  brown. (See Humason 197 2 ) .
E f f e c t  o f  N» dubius  
on the  a b i l i t y  o f  mice  
to  respond to  
T. s o i r a l i s  i n f e c t i o n .
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SBGTION 1 ( 1 )
INTRODUCTION
The f u n c t io n a l  i n t e r a c t i o n  between a p a r a s i t e  and th e  immune 
re s p o n se s  o f  th e  h o s t  i s  complex,  i n v o l v i n g  an array  o f  f a c t o r s .
In any r e l a t i o n s h i p  th e  r e l a t i v e  c o n t r i b u t i o n  o f  each o f  t h e s e  f a c ­
t o r s  i s  c o n s t a n t l y  changing and so a number o f  p o s s i b l e  outcomes • 
e x i s t .  At one extreme p a r a s i t e s  may s t i m u l a t e  g e n e t i c a l l y  determined  
host  r e sp on se s  which r e s u l t  in th e  eventua l  e l i m in a t io n  o f  th e  
i n f e c t i o n  and co n fer  r e s i s t a n c e  to  subsequent  r e - i n f e c t i o n ,  as i s  
th e  c a s e  with  most o f  th e  p a r a s i t e s  l i s t e d  in  Table 1 ( s e e  General  
I n t r o d u c t i o n ) .  At th e  o th er  extreme p a r a s i t e s  may s u r v iv e  by evas ion  
or impairment o f  th e  h o s t  r e s p o n s e s .  Evasion i s  b e s t  c h a r a c t e r i z e d  
by th e  Trypanosomes which change th e  a n t i g e n i c  s t r u c t u r e  o f  t h e i r  
s u r f a c e  g l y c o p r o t e i n  c o a t ,  by t h e  S ch is to som es  which acq u ire  host  
blood group a n t ig e n s  onto  t h e i r  s u r fa c e  and by th e  Taeniid  Cestodes  
e . g .  T. t a e n i a e f o r m i s . which produce anti-Complement f a c t o r s .
Impairment o f  hos t  re s p o n se s  i s  a l s o  a s s o c i a t e d  w i th  Trypanosomes 
which i n i t i a t e  a n o n - s p e c i f i c  p o l y c l o n a l  B - c e l l  a c t i v a t i o n  (Hudson, 
Byner,  Freeman and Terry 19 7 6 ) .  A number o f  mechanisms have been  
proposed to  e x p la in  d e p r e s s io n  o f  h o s t  r e sp on se s  by helminth  p a r a s i t e s  
e . g .  p r e v e n t io n  o f  lymphocyte p r o l i f e r a t i o n  by worm f a c t o r s  ( D e s s a i n t ,
Camus, F i sc he r  and Cepron 1977) and a c t i v e  c y t o t o x i c i t y  o f  worm ES 
rodent
products  fo r  f[ lymphoid c e l l s  (Goose 1975,  Faubert and Tanner 1975) .  
No c o n v in c in g  ev idence  e x i s t s  to  show t h a t  such f a c t o r s  are r e s p o n s i b l e  
for  th e  f a i l u r e  o f  th e  immune system to  e l i m i n a t e  th e  p a r a s i t e s  which 
produce them. Another s u g g e s t i o n  i s  t h a t  a n t ib o d ie s  produced a g a in s t  
worm products  complex w i th  a n t ig e n s  b e f o r e  they  can s t i m u l a t e  the  
mechanisms which would normally  lead to  p a r a s i t e  e l i m i n a t i o n .  I n f e c ­
t i o n s  w ith  th e  nematode N. dubius  are a s s o c ia t e d  w ith  a marked
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immunodépression and suppress  resp onses  to  a wide v a r i e t y  o f  
h e te r o lo g o u s  a n t ig e n s  as shown in  Table  3 ,  ( o v e r l e a f ) »
The mechanisms u n de r ly in g  the  su pp re ss ion  are not  w e l l  under­
s t o o d .  Brown, Crandal l  and Crandal l  ( l 9 7 6 )  have sugges ted  th a t  
s u p p r e ss io n  i s  due to  an i n c r e a s e  in  th e  c a t a b o l i c  r a t e s  o f  a l l  
immunoglobulin G s u b c l a s s e s ,  which occurs  as a r e s u l t  o f  the  para­
s i t e  induced IgG^ hypergammaglobulinaemia.  However t h e i r  h y p o th e s i s  
assumes normal l e v e l s  o f  IgG s y n t h e s i s  which are u n l i k e l y  to  occur  
during i n f e c t i o n .  B a r t l e t t  and . B a l l  ( l9 7 4 )  con s id ered  t h a t  su pp res ­
s i o n  might be caused by b lo ck in g  a n t ib o d ie s  which complexed w i th  a n t i ­
gen had a chance to  s t i m u l a t e  a r e sp o n se .  I t  i s  c o n c e i v a b l e  t h a t  th e  
in c r e a se d  immunoglobulin l e v e l s  in i n f e c t e d  mice would a l s o  have  
t h i s  e f f e c t ,  r e s u l t i n g  in  a g e n e r a l i s e d  and n o n - s p e c i f i c  d e p r e s s io n  
o f  re s p o n se s  t o  h e te r o lo g o u s  ant igens*
The p o s s i b i l i t y  t h a t  p a r a s i t e  induced supp ress ion  o f  resp on ses  
t o  h e te r o lo g o u s  a n t ig e n s  occurs  as a r e s u l t  of  ’a n t i g e n i c  c o m p e t i t i o n ’ 
or 'an t ige n  induced suppress ion*  (AIS) must be c o n s id e r e d .  AIS occurs  
when two an t ig en s  are adm in is tered  s e q u e n t i a l l y  but th e  mechanisms 
u nd e r ly in g  th e  f a i l u r e  t o  respond to  th e  second ant igen  are  not  
f u l l y  unders tood  (Pross and Eid inger  1974) .  AIS may have some part  
t o  p lay  in  p a r a s i t e  induced su pp re ss ion  (P IS) .  During nematode 
i n f e c t i o n s  the h o s t  i s  exposed t o  a wide v a r i e t y  o f  p a r a s i t e  a n t i ­
g e n s ,  produced at d i f f e r e n t  s t a g e s  of  i n f e c t i o n ,  on ly  some of  which  
are important in  terms o f  hos t  p r o t e c t i v e  immune r e s p o n s e s .  The 
p r o b a b i l i t y  o f  AlS^occurring'between  two a n t ig e n s  from one p a r a s i t e  
or between an t igen s  from u n r e la te d  p a r a s i t e s  must be r e l a t i v e l y  h igh .
Of course  t h i s  has important i m p l i c a t i o n s  for  v a c c i n a t i o n  programmes 
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u s in g  'D ic to i*  many were a t t r i b u t e d  to  th e  e f f e c t s  o f  concurrent  
g a s t r o i n t e s t i n a l  p a r a s i t i s m  (Peacock and Poynter 1 9 7 9 ) .  A n a ly s i s  
o f  PIS i s  undoubtedly complex,  even more complex than a n a l y s i s  o f  
c l a s s i c a l  AIS u s in g  two s e q u e n t i a l l y  a d m in is te r e d ,  c h e m ic a l ly  
d e f in e d  ant igens*  However, i t  i s  known t h a t  N. dubius i n t e r f e r e s  
w ith  th e  immune re sp o n se  to  T* s p i r a l i s  and T« muris (Jenkins  e t  a l  
1977 ,  Behnke e t  a l  1 9 7 8 ) ,  and i t  seemed u s e f u l  to  study th e  su pp re s ­
s i v e  e f f e c t  o f  N* dubius  in  terms o f  t h e  mechanisms known to  be 
in v o lv e d  in  p r o t e c t i o n  a g a in s t  T* s o i r a l i s * This  work i s  d es cr ib ed  
i n  s e c t i o n  l ( l )  and i s  f o l lo w ed  by a s e c t i o n  d e s c r ib i n g  lymphocyte 
m ig ra t io n  p a t t e r n s  in  mice  i n f e c t e d  w i th  N* dubius and T. s o i r a l i s * 
Lymphoblasts o r i g i n a t i n g  in  th e  g u t - a s s o c i a t e d  L/mphoid t i s s u e  (GALT) 
are known t o  home to  th e  g u t ,  s u g g e s t in g  t h a t  homing p a t t e r n s  may 
have an important i n f l u e n c e  on th e  r e sp on se s  which s t im u la t e  immune 
( r e - ) a c t i v i t y  v i a  th e  GALT. Increased  l e v e l s  o f  c e l l  homing have 
been recorded in  a t  l e a s t  th r e e  systems in v o lv i n g  nematode p a r a s i t e s  
(Table 4 ) .
Manson-Smith,  Bruce and Parrot t  ( l 9 7 9 )  demonstrated t h a t  th e  
e x p u l s io n  o f  T* s o i r a l i s  i s  preceded by enhanced lymphoblast  local*-" 
i z a t i o n  in  the  i n t e s t i n e  and a l s o  by p a r t i a l  v i l l u s  atrophy and 
c ryp t  h y p e r p l a s i a ,  but t h e r e  has been no d i r e c t  l ink  between any 
o f  t h e s e  even ts  and th e  e x p u ls io n  p r o c e s s .
The exact  cause  o f  lymphoblast  l o c a l i z a t i o n  i s  u n c le a r  but i t  
i s  known t h a t  i t  i s  not an a n t ig en  d r iven  e v e n t ,  which may be a s s o c ­
i a t e d  w i th  inflammatory p r o c e s s e s  (A sherson,  Allwood and Mayhew 1 9 7 3 ) .  
The c e l l s  which home t o  t h e  i n t e s t i n e  may be e i t h e r  T - b l a s t s  or 
B - b l a s t s .  The l a t t e r  w i th  s u r f a c e  and i n t r a c e l l u l a r  IgA ( s u g g e s t i n g  
IgA p r o d u c t i o n ) ,  transform t o  IgA producing plasma c e l l s  on rea c h ­
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1 9 7 4 ) ,  in  response  to  o r a l l y  adm in is tered  a n t ig e n s .  In view o f  
t h e  immunosuppressive e f f e c t  o f  N. dubius on re s p o n se s  t o  o r a l l y  
adm in is tered  a n t ig e n s  i t  seemed important t o  study th e  e f f e c t  of  
i n f e c t i o n  on lymphoblast  homing t o  t h e  small  i n t e s t i n e #
A l
SECTION 1 ( 1 )
MATERIALS AND METHODS
PREPARATION ALT» TRANSFER OF CELL SUSPENSIONS
The m e s en ter i c  lymph node was s t r ip p e d  o f  c o n n e c t iv e  t i s s u e  
and f a t  in s i t u  and then e x c i s e d  and p laced  in  co ld  (4°C) Medium 
199 (Gibco,  Europe),  w i th  L-glutamine and Hopes b u f f e r .  This  
medium was supplemented w ith  1Q% f o e t a l  c a l f  serum (PCS, Gibco,  
Europe) and l O i . u . / m l  hepar in  (B .D .H . ) ,  The low temperature  caused  
th e  remaining f a t t y  t i s s u e  t o  show up c l e a r l y  and t h i s  was removed 
b e f o r e  the  node was crushed through a nylon mesh s i e v e  i n t o  a p l a s ­
t i c  p e t r i  d i s h  u s in g  a rubber t ip p ed  s y r i n g e  p lu nger .  The p e t r i  
d i s h  Vv/as r a i s e d  at  one s i d e  and l e f t  to  stand for 4 - 5  m in u tes .
This  al lowed c e l l  clumps and d e b r i s  t o  sink t o  th e  bottom of  th e  
d i s h .  The supernatant  was c o l l e c t e d  and c e n t r i f u g e d  at  200g .  fo r  
5 minutes  and the  c e l l s  were resuspended in  a known volume o f  f re s h  
medium. One drop o f  t h i s  su sp en s ion  was mixed ( l  in  20)  w i th  a 2% 
w/v s o l u t i o n  o f  trypan b lu e  in  H3SS and th e  number o f  l i v e  ( i . e .  
d y e - e x c l u d i n g )  c e l l s  counted in  a haemacytometer.  V i a b i l i t y  was 
u s u a l l y  g r e a t e r  than 90%. The c o n c e n t r a t i o n  o f  c e l l s  in  the  s u s ­
p en s ion  was then ad ju sted  to  g i v e  th e  req u ired  number in  0 . 2 - 0 . 25ml.  
C e l l s  were i n j e c t e d  i n t r a v e n o u s ly  ( i / v )  i n t o  r e c i p i e n t  mice v i a  a 
l a t e r a l  t a i l  v e i n .  C e l l  su sp e n s io n s  from s p le e n s  were  prepared i n  
a s i m i l a r  way. No treatment  t o  remove e r y th r o c y te s  was undertaken .
CELL LABELLING
Lymphocytes were prepared from th e  MLN and s p le e n  as d e s c r ib e d  
above exceot  t h a t  the  medium used was RF^l 1640 (w ithout  g lu tamine  
or b i c a r b o n a t e ,  Flow L a b o r a to r i e s )  m odif ied  by th e  a d d i t io n  o f  0.8ml  
of  7,5% sodium b ica r b o n a te  (Flow L a b o r a t o r i e s ) ,  1ml o f  20CmM
glu tam in e  (Gibco,  Europe) |  iCtal o f  heat  i n a c t i v a t e d  PCS, 100 i # u .
h e p a r in ,  lOOO i» u .  p e n i c i l l i n  and lOOO g s trep tom ycin  per lOOnl*
Four ml a l i q u o t s  o f  medium were p laced  in  s t e r i l e  p l a s t i c  t i s s u e
c u l t u r e  grade tubes  (lOO x l 6mm Nunclon D e l t a )  and a fu r th er  1ml
7of  medium c o n ta in in g  5 x 10 c e l l s  was added.
The tubes  were gassed  w i th  2% CO^, and I o d o -2 * -
d eo x y u r id in e  ( s p e c i f i c  a c t i v i t y  185 G Bq/mg, Radiochemicals  C en tre ,  
Amersham) in  0.9% NaCl was added to  g i v e  a c o n c e n t r a t i o n  of  1 Ci 
i s o t o p e  to  10 c e l l s / m l .  The c e l l s  were incubated for  two hours  
at  37 “ 0.5^C, c e n t r i f u g e d  a t  200g for  5 minutes  a t  room temperature  
and, a f t e r  removal o f  the  su pe rn a ta n t ,  washed 3 t imes  and r e s u s ­
pended in  Medium 199 (w ithout  serum or h e p a r in ) .  C e l l s  were cou n ted ,  
a s s e s s e d  for  v i a b i l i t y  and 2 - 3  x 10*^  v i a b l e  c e l l s  were i n j e c t e d  ( i / v )  
i n t o  r e c i p i e n t  mice .  An i n j e c t e d  dose  e q u iv a le n t  was r e t a i n e d  for  
co u n t in g .
RECOVERY AND COUNTING OF LABELLED CELLS
R e c ip i e n t  mice were k i l l e d  24 hours a f t e r  i n j e c t i o n  o f  l a b e l l e d  
c e l l s  and the  small  i n t e s t i n e ,  MLN, sp le e n  and l i v e r  were removed,  
r i n s e d  in  KBSS and p laced  in  p l a s t i c  v i a l s  for c o u n t in g .  The organs ,  
t o g e t h e r  with  the  i n j e c t e d  dose  e q u iv a le n t  and two empty v i a l s  for  
background, were counted in  a Packard Tricarb  Liquid S c i n t i l l a t i o n  
S pectrom eter .  The r e s u l t s  were exp ressed  as % i n j e c t e d  dose  {% ID) 
or % Tota l  recovered r a d i o a c t i v i t y  (% TR) as shown below:
% ID = ORGAN COUNT -  BACKGROUND COUNT ___ _____
YnJBETED dose count -  BACKGROUND COUNT  ^ 1
and
% TR = ORGAN COUNT -  BACKGROUND C O U N T ______________________ JOO
TOTAL COUNT (ALL ORGANS) -  (4 x BACKGROUND COUNT^  ^ 1
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'IN VIVO' LABELLING
In order t o  a s s e s s  b l a s t  c e l l  a c t i v i t y  ' in  v i v o * mice were 
i n j e c t e d  w ith  2 Ci I o d o - 2 ' -d eo x y u r id in e  in  Go9% NaCl
( t o t a l  volume 0 ,2ml)  v i a  a l a t e r a l  t a i l  v e i n .  Two hours l a t e r  
thO'Se mice were k i l l e d  and t h e  MLN, s p l e e n ,  a x i a l  lymph node,
Payers* patches  (PP) and an equal number o f  i n t e s t i n a l  sn ip s  (as PP) 
removed s i n c e  d i v i d i n g  e p i t h e l i a l  c e l l s  would a l s o  ta k e  up th e  la b e l .  
These were washed in  70?f a l c o h o l  for  t h r e e  days ( l  change each day)  
to  remove unbound l a b e l .  They were then p laced  in  p l a s t i c  v i a l s  
and counted in  a Packard Tr icarb  Liquid S c i n t i l l a t i o n  Spectrometer  
( s e e  recovery  and cou n t in g  o f  l a b e l l e d  c e l l s ) .
F o l low ing  count ing  a l l  th e  organs were dried in  an oven (lOO C) 
in  a fume cupboard,  u s u a l l y  o v e r n i g h t ,  and weighed.  R e s u l t s  are  
exp ressed  as t o t a l  a c t i v i t y  per t i s s u e  and as a c t i v i t y  /mg t i s s u e .  
Axia l  lymph node cou n ts  are no t  g ive n  as t h e s e  were never above  
background l e v e l s .
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S BUTION 1 ( 1 )
RESULTS
TIME COURSE OF EXPULSION OF T. SPIRALIS DURING CONCURRENT N. DUBIU3 
INFECTION
As a p re l im in a r y  t o  t h e  exper im ents  i n v o lv i n g  c e l l  t r a n s f e r s  
an examination o f  th e  e f f e c t  o f  a primary i n f e c t i o n  o f  N. dubius  
on a concurrent  T, s o i r a l l s  i n f e c t i o n  was undertaken .  Two e x p e r i ­
ments were performed. In both o f  t h e s e  2 4 ,  6 week o ld  NIH mice  
were i n f e c t e d  w i th  300 N. dubius and 2 - 3  hours l a t e r  t h e s e  mice  
p lu s  a group o f  p r e v i o u s l y  u n i n f e c t e d ,  age matched c o n t r o l s  ( 2 4 ) ,  
were g iv e n  an i n f e c t i o n  o f  300 T, s p i r a l i s . Mice from both groups  
were k i l l e d  on days 8 , 12 ,  16 and 20 p o s t  i n f e c t i o n .  The r e s u l t s  
are  shown in  F igures  1 (Experiment l )  and 2 (Experiment 2 ) ,
In both experiments  t h e r e  was an 8 day d e la y  in  th e  ex p u ls io n
p a t t e r n  o f  T, s p i r a l i s  from mice c o n c u r r e n t ly  i n f e c t e d  w i th  N, dubius  
when compared to  t h a t  from t h e  group i n f e c t e d  w ith  T, s o i r a l i s  a lo n e .  
This  d e la y  has been found to  be a c o n s i s t e n t  e f f e c t  when N, dubius  
i s  g iv e n  at  th e  l e v e l s  used in  t h e s e  exper im ents .  The d ecreased  
numbers o f  T. s o i r a l i s  recovered  on day 8 in  experiment 1 ,  ( s e e  
Figure  l )  may have been caused  by th e  ex p u ls io n  p r o c e s s  s t a r t i n g  
s l i g h t l y  e a r l i e r  than i s  u s u a l  i . e .  day 7 .  From p r e v i o u s  s t u d i e s  
and from r e s u l t s  obta in ed  in  t h e s e  and in  subsequent experiments  
t h e r e  i s  no ev id e n c e  t o  s u g g e s t  t h a t  th e  l e v e l  o f  e s ta b l i s h m e n t  
o f  T, s o i r a l i s  i s  in any way a f f e c t e d  by a p r e - e x i s t i n g  N. dubius  
i n f e c t i o n .  Similarly' , -  at  t h e  l e v e l s  o f  i n f e c t i o n  used in  t h e s e  
experiments  the  N. d u b iu s - r e c o v e r y  remains as h igh as^would be exp­
e c te d  from a s i n g l e  i n f e c t i o n  in  n a iv e  animals  ( s e e  F igure  3 ) ,  i , e ,
g r e a t e r  than 80% o f  th e  inoculum. At day 8  th e  recovery  i s  low as
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FIGURE 1.
Mean recovery  (M/VR -  SD) T . s o i r a l i s  in  s i n g l e  and double  
i n f e c t i o n  groups
O T. s o i r a l i s  on ly  
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FIGURE 2
Mean recovery  (M.VR -  SD) T . s p i r a l i s  in s i n g l e  and double  
i n f e c t i o n  groups
© Tc s o i r a l i s  on ly  
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FIGURE 3
Mean recovery  (M.VR SD) N. dubius in  mice co n cu rre n t ly  
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t h e  worm has not y e t  emerged i n t o  th e  gut  lumen,
TRANSFER OF IKW.UNITY TO T. SPIRALIS USING CELLS FROM SINGLY AND 
CONCURRENTLY INFECTED DONORS
Twenty f o u r ,  8 week old  NIH mice were i n f e c t e d  w ith  370  
T, s o i r a l i s , day 0 .  Twelve o f  t h e s e  had been i n f e c t e d  2 -3  hours  
e a r l i e r  w i th  25Ô N. d u b iu s . These mice were to  s erv e  as donors of- 
c e l l s  fo r  t r a n s f e r  on day 7 ,
On day 7 th e  MLN were removed from the  s i n g l e  and double  i n f e c ­
t i o n  donors and s i n g l e  c e l l  s u sp e n s io n s  were prepared.  The c e l l s
7were t r a n s f e r r e d  to  r e c i p i e n t s ,  4 x 10 c e l l s  per r e c i p i e n t  as shown 
in  t h e  s ch ed u le  below.
DONOR RECIPIENT GROUP
Nd X Tsp 4 X 10^ MLNC + Tsp A
Tsp 4 X 10*^  MLNC + Tsp B
4 X 10^ MLNC 4- Tsp + Nd C
Tsp on ly D
As i n d i c a t e d ,  a f t e r  c e l l  t r a n s f e r ,  mice  were i n f e c t e d  w i th  
3 l 0  T,  s o i r a l i s  and/or  300 N. dubius and k i l l e d  8 days l a t e r ,  
(Experiment 3 ,  F igure  4.)é
MLNC taken from doubly i n f e c t e d  donors on day 7 were not  ab le  
t o  t r a n s f e r  immunity,  (as  a s s e s s e d  by ad u lt  worm rec o v ery  on day 8 ) ,  
to  r e c i p i e n t  mice .  MLNC from mice  i n f e c t e d  with  T. s o i r a l i s  a l o n e ,  
and t r a n s f e r r e d  to  doubly i n f e c t e d  r e c i p i e n t s  (Group C) a l s o  f a i l e d  
t o  t r a n s f e r  t h e  fas ter -  e x p u l s i o n  c h a r a c t e r i s t i c  o f  a s u c c e s s f u l  
MLNC t r a n s f e r  (Group B) ( s e e  F igure  4 ) ,  However t h i s  f a i l u r e  to  
e f f e c t  e x p u ls io n  was not  due t o  an i n a b i l i t y  o f  t h e  c e l l s  t o  t r a n s ­
f e r  immunity.  In a l l  groups g iv e n  MLNC in  t h i s  experiment  the
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FIGURE 4
Mean recovery  (Mt’/R -  SD) T, s o i r a l i s  on day 8 o f  i n f e c t i o n  
a f t e r  t r a n s f e r  o f  MLI<C
DONOR RECIPIENT GROUP
Nd X Tsp 4 X 10*^  MLNC + Tsp A
Tsp 4 X 10*^  MLNC + Tsp B
4 X 10^ MLNC + Tsp + Nd C
Tsp on ly  D
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f e c u n d i t y  o f  female T, s o i r a l l s  was s i g n i f i c a n t l y  reduced when com­
pared t o  c o n t r o l  day 8 v a l u e s .  Values  for  f e c u n d i t i e s ,  l a r v a e /  
f em ale /h our  are  shown above t h e  worm recovery  c h a r t s  in  F igure  4 ,  
Exposure o f  th e  MLNC t o  an N. dubius i n f e c t i o n  in  t h e  donor or in  
t h e ' r e c i p i e n t  s l i g h t l y  abrogated t h e i r  e f f e c t  on worm f e c u n d i t y .
The MLNC donors in  the  above experiment a l s o  acted  as SC donors
and c e l l s  were t r a n s f e r r e d  and r e c i p i e n t s  i n f e c t e d  u s in g  a s im i l a r
Vs c h e d u l e ,  except  t h a t  o n ly  2 , 8  x lO SC were t r a n s f e r r e d  (Experiment  
4 ,  F igure  5 ) .
DONOR RECIPIENT GROUP
Nd X Tsp 2 , 8  X 10^ SC +Tsp A
Tsp 2 . 8  X 10*^  SC 4-Tsp B
2 . 8  X 10^ SC +Tsp + Nd C
Tsp on ly  D
R e c ip i e n t  mice were i n f e c t e d  w ith  310 T, s o i r a l i s and/or 300 N. dubius  
and k i l l e d  on day 8 p o s t  t r a n s f e r / i n f e c t i o n .  S p leen  c e l l s  were  
i n e f f e c t i v e  in  a l l  t r a n s f e r s  ( s e e  F igure  5 ) .  N e i th er  worm numbers 
nor f e c u n d i t y  o f  female worms was a f f e c t e d  even when th e  c e l l s  were  
taken from s i n g l y  i n f e c t e d  (T, s o i r a l i s ) donors and t r a n s f e r r e d  to  
r e c i p i e n t s  g iv e n  on ly  T, s o i r a l i s  (Group B),  There was no ev idence  
f o r  e i t h e r  de layed  T, s o i r a l i s  e x p u l s io n  or h igher  e s ta b l i s h m e n t  in  
SC r e c i p i e n t s .
In a subsequent exper iment (Experiment 5 )  on ly  s i n g l y  i n f e c t e d  
donors (T, s o i r a l i s ) were u s e d .  In order to  ga in  more in form at ion  
about th e  e x p u ls io n  p r o c e s s ,  and t o  f in d  out i f  the  a c t i o n  o f  MLNG 
in  N, dubius i n f e c t e d  r e c i p i e n t s ,  l i k e  worm e x p u ls io n  was s imply  
d e la y e d .  The experiment was extended to  g i v e  data for  day 8 and
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FIGURE 5
Mean recovery  (MA'R -  SD) T« s p i r a l i s  on day 8 o f  i n f e c t i o n  
a f t e r  t r a n s f e r  o f  SC
DONOR RECIPIENT GROUP
Tsp
2 . 8 X lo " SC 4" Tsp A
2 . 8 X lo" sc + Tsp B
2 . 8 X lo-' sc 4- Tsp 4- Nd c
Tsp only  D
CO Q





oo omLOo _(VI ^  T—
( 9  Â D p )  S 9 U 0 A O O 9 J  UJJOM ^ P P O
K3;#
42
day 12 p o s t  t r a n s fe r *  Twelve 6 - 8  week old male NIH mice were  
used as MLNC d on ors ,  th e  c e l l s  be ing  taken seven days  a f t e r  i n f e c ­
t i o n  w i th  300 T» s o i r a l i s * The p r o t o c o l  i s  o u t l i n e d  below:
DONOR , - . RBOIPIBTT GROUP
Tsp 3 % i o 7  MLæ Tsp A
3 X 10*^  MLNC Tsp +,Nd B
Tsp + Nd C
Tsp on ly D
C e l l  r e c i p i e n t s  and r e s p e c t i v e  c o n t r o l s  were i n f e c t e d  w i th  370  
T* s p i r a l i s  and/or 300 N* d u b i u s * Mice were k i l l e d  on days 8 and 
12 p o s t  t r a n s f e r  (6 /group)*  The r e s u l t s  are  shown in  F igure  6*
The ex p u ls io n  o f  T» s o i r a l i s  from c o n t r o l  mice fo l lo w ed  the  
norrpal p a t t e r n  found in  NIH mice  w i th  l a r g e  numbers o f  worms p r e s e n t  
on day 8 f a l l i n g  to  low l e v e l s  by day 12 (Group D) ,  In th e  group  
g iv e n  MLNC p lu s  T, s o i r a l i s  on ly  (Group A ) ,  th e  c e l l s  have had th e  
e f f e c t  o f  reducing worm numbers,  a lthough w ith  some v a r i a b i l i t y *  
However t h e r e  was no ev id e n c e  for  any l o s s  o f  T, s o i r a l i s  from the  
co ncu rrent  i n f e c t i o n  c o n t r o l  group (Group C) and even more remark­
a b le  t h e  MLNC had f a i l e d  to  operate  in  doubly i n f e c t e d  r e c i p i e n t s  
even up t o  day 12 (Group B) when mice which had not been g iv e n  c e l l s  
would normal ly  have low worm burdens* Once again  t h e  t r a n s f e r r e d  
MLNC d id  have an e f f e c t  on female  worm f e c u n d i t y .  In both the  groups 
g i v e n  MLNC (Groups A and B) t h e r e  was a s i g n i f i c a n t  r e d u c t io n  in  
worm f e c u n d i t y  on day. 8 when compared to  c o n t r o l s  (Groups C end D ) .  
V alues  fo r  f e c u n d i t i e s  are shown above worm r e c o v e r i e s  in  F igure  6*
The l e n g t h s  o f  female  worms were a l s o  recorded by measuring  
sam p les ,  u s u a l l y  2 0 ,  from each  group u s in g  a camera l u c i d a .  The 
r e s u l t s  are shown i n  Table  5 • No s i g n i f i c a n t  d i f f e r e n c e  was
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FIGURE 6
Mean recovery  (M.VR -  SD) T * s p i r a l i s  on days 8 and 12 o f  
i n f e c t i o n  a f t e r  t r a n s f e r  o f  MLNC
DONOR RECIPIENT GROUP
Tsp 3 X 10^ MLNC + Tsp A
3 X 10^ MLKC + Tsp + Nd B
Tsp + Nd C
Tsp only  D
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Mean le n g th s  o f  adu lt  female  To s p i r a l i s  worms recovered  from 
Groups A, B,  C and D from experiment 5 (Figure 6)
GROUP DAY 8 DAY 12 _
A 1 . 3 4  t  0 .16 1 .5 8  t  0 .1 7
B 1 . 3 5  t  0 . 2 2 2 . 1 9  -  0 .5 6
C 1 . 4 6  t  0 .23 1 .85  -  0 .3 7
D 1 . 8 0  t  0 . 2 9 1 . 4 0  t  0.11
(Lengths in  mm t  SD)
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found between v;orm l e n g th s  from any o f  th e  groups on days 8 and 
12.
T h is  experiment was repeated  w ith  a s i m i l a r  p r o t o c o l  except
t h a t  MLNC donor mice were i n f e c t e d  w i th  270 T. s o i r a l i s . C e l l s
were taken on day 7 and t r a n s f e r r e d  to  r e c i p i e n t s  (2 x 10*^  MLNC/
r e c i p i e n t ) .  R e c ip i e n ts  were i n f e c t e d  w i th  270 T» s o i r a l i s  and/or
300 N. dubius and k i l l e d  on days 8 and 12 p o s t  t r a n s f e r  as b e f o r e .
The r e s u l t s  are shown in  F igure  7 (Experiment 6 ) .  Once again  mean
ad u l t  worm r e c o v e r i e s  in  group D fo l low ed  the  p a t t e r n  c h a r a c t e r -
7i s t i c  o f  NIH mice .  Group A, g iv e n  2 x lO MLNC and i n f e c t e d  w ith  
T. s o i r a l i s  on ly  showed a s i g n i f i c a n t  red u c t io n  in  worm burdens on 
day 8 ,  a lthough again t h e r e  was some v a r i a b i l i t y ,  and had no worms 
p r e s e n t  on day 12. Both double i n f e c t i o n  groups (Groups B and C) 
had s i m i l a r  v;orm r e c o v e r i e s  on days 8 and 12 with  no ev idence  of  
worm ex p u ls io n  in  th e  group g iv e n  MLNC (Group B).  Female worm 
f e c u n d i t i e s  were reduced in  groups A and B on day 8 when compared 
t o  groups C and D r e s p e c t i v e l y *  I t  was not p o s s i b l e  to measure day  
12 f e c u n d i t i e s  in groups A and D but t h e  f e c u n d i t y  o f  group C had 
in c r e a se d  by day 12 showing a marked improvement on th e  day 8 f ig u r e ,  
The low v a lu e  on day 8 fo r  group B can only  be a t t r i b u t e d  to  th e  
p r e s e n c e / a c t i o n  o f  MLIC but why t h i s  dep ressed  l a r v a l  p roduct ion  
was not  maintained  u n t i l  day 12 i s  d i f f i c u l t  to  e x p l a i n .
TRANSFER OF MLNC FROM DOUBLY INFECTE) DONORS
In a l l  p rev io u s  experiments  MLNC had been taken from s i n g l y  
or doubly i n f e c t e d  donors on day 7 p o s t  i n f e c t i o n .  In th e  c a s e  o f  
doubly  i n f e c t e d  mice t h e  ex p u ls io n  o f  T. s o i r a l i s  i s  d e layed  u n t i l  
days  16-20  ( s e e  F ig u r e s  1 and 2 ) .  On th e  o th er  hand s i n g l e  i n f e c ­
t i o n  donors expe l  t h e i r  worm burdens by days  8 to  12.  In order to
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F I GURE 7
Mean recovery  (M//R -  SD) T. s p i r a l i s  on days 8 and 12 o f  
i n f e c t i o n  a f t e r  t r a n s f e r  o f  MLNC
DONOR RECIPIENT GROUP
Tsp 2 X 10*^  MLNC + Tsp A
2 X 10^ MLNC + Tsp + Nd B
Tsp + Nd C
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t e s t  whether or not the  f a i l u r e  to  t r a n s f e r  immunity from doubly  
i n f e c t e d  donors was due t o  a d e la y  in  th e  development of  the  c e l l s  
c ap ab le  o f  caus in g  worm e x p u ls io n  two experiments  (Experiments 7 
and 8) were s e t  up t o  examine th e  e f f e c t  o f  t r a n s f e r r i n g  c e l l s  from 
s i n g l e  and double i n f e c t i o n  don ors ,  on day 8 ,  as p r e v i o u s l y  d e s ­
c r i b e d ,  and a l s o  on day 20  when worm ex p u ls io n  in  th e  double  i n f e c -  
i o n  groups  i s  comple ted.  The exper im enta l  d e s ig n  was s i m i l a r  in  
both exper iments  and i s  o u t l i n e d  below:
DONORS RBSIPIENTS GROUP
Nd X Tsp 3 X 10^ MLNC + Tsp A
7
Tsp 3 X 10 MLNC + Tsp B
Tsp on ly  C
Tsp (Nd, day 6 )  3 x 10^ MLNC + Tsp D
(day 8 c e l l  
t r a n s f e r  o n ly )
MLîC donors were i n f e c t e d  w i th  300 T. s p i r a l i s and/or 300 N. dubius  
on day 0 (donors for  groups A and B) and w ith  300 T. s o i r a l i s  on 
day 0 fo l lo w ed  by 300 N. dubius on day 6 (donors fo r  group D ) .  This  
group was in c luded  in  an at tempt to  f in d  out i f  even a l a t e  exposure  
of  MLNC donors to  N. dubius was enough to  p reven t  c e l l s  t r a n s f e r r i n g  
immunity. A l l  groups o f  mice, were i n f e c t e d  w i th  320 T. s o i r a l i s  
immediate ly  a f t e r  c e l l  t r a n s f e r  and k i l l e d  8 days l a t e r .  The r e s u l t s  
fo r  t h e s e  experiments  are  shown in  F igure  8 ( day 8 c e l l  t r a n s f e r ,  
Experiments 7 and 8)  and 9 (day 20  c e l l  t r a n s f e r ,  Experiments 7 and 
8 ).
U nl ik e  th e  p r e v io u s ;e x p e r im e n t s  th e  day 8 MLNC from doubly  
i n f e c t e d  donors (N. dubius p lu s  T. s o i r a l i s  day 0 ,  F igure  8 ,  Group 
A, Experiments 7 and 8 )  were s u c c e s s f u l  in  t r a n s f e r r i n g  immunity to  
donors and the  re d u c t io n  in  worm burden was as good as t h a t  obta ined
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FIGURE 8
Mean recovery  (M.VR -  SD) T. s o i r a l i s  on day 8 a f t e r  
t r a n s f e r  o f  MLNC
DONORS RBSIPIENTS GROUP
Nd X Tsp 3 X MLNC + Tsp A
Tsp 3 X 1 0 ^  MLKC + Tsp B
Tsp on ly  C
Tsp Nd 3 X 10^ MLKC + Tsp D
1.  r e s u l t s  from t r a n s f e r  o f  day 8 MLAC Experiment 7
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F IGURE 9
Mean recovery  (M.VR -  SD) T. s o i r a l i s  on day 8 a f t e r  
t r a n s f e r  o f  MLNC
DONORS RECIPIENTS GROUP
Nd X Tsp 3 X 10^ MLNC + Tsp A
Tsp 3 X 10^ iViLKC + Tsp B
Tsp on ly  C
1.  r e s u l t s  from t r a n s f e r  o f  day 20 MLNC Experiment 7
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in  t h e  MLNC t r a n s f e r  from donors i n f e c t e d  w i th  T. s o i r a l i s  on ly  
(Group B) ,  Th is  was c o n s i s t e n t  in  both experiments  ( s e e  F igure  8)*
The day 20 r e s u l t s  were l e s s  c o n s i s t e n t  and provided  anomalous 
r e s u l t s .  The MLNC t r a n s f e r s  from s i n g l e  and double i n f e c t i o n  donors  
were i n e f f e c t i v e  in  experiments  7 and 8 ( s e e  F igure  9 ) ,  Worm bur­
dens on day 8 pos t  t r a n s f e r  in  experiment 8 were h igher  than would 
be expected  from the  i n f e c t i o n  l e v e l s  used .
The c e l l  t r a n s f e r s  from the  mice  i n f e c t e d  with  T. s o i r a l i s  day 
0 ,  f o l l o w e d  by N. dubius on day + 6 ,  were p a r t i a l l y  e f f e c t i v e  in  
exper iment  7 w ith  worm burdens down by 2C^ compared to  c o n t r o l s  
(Group C ) ,  and even more s u c c e s s f u l  in  experiment 8 w ith  a Al%  r e d ­
u c t i o n  in c o n t r o l  mean worm burden.
IS THE SUPPRESSION CAUSED BY N. DUBIUS DUE TO THE ACTION OF A 
SUPPRBSOR CELL?
In th e  experiments  conducted so far  th e  f a i l u r e  o f  immune MLNC 
to  t r a n s f e r  immunity when th ey  had been taken from ‘ immune’ , i n f e c ­
ted  donors or t r a n s f e r r e d  t o  mice i n f e c t e d  w ith  N. dubius has been  
c l e a r l y  demonstrated .  One way in  which su pp ress ion  could  be brought  
about i s  for th e  p a r a s i t e  to  a l t e r  c o n d i t i o n s  w i t h i n  th e  h o s t  which  
favour th e  product ion  or a c t i v i t y  o f  suppressor  c e l l s ,  t h e s e  c e l l s  
would then  i n t e r f e r e  w i th  th e  product ion  or a c t i v i t y  o f  o ther  ’ immune’ 
c e l l s .  To t e s t  t h i s  the  f o l l o w i n g  experiment (Experiment 9) was 
done.
Donor mice  were i n f e c t e d  w i th  300 N. dubius  and seven  days l a t e r  
s i n g l e  c e l l  su sp e n s io n s  were prepared from the  s p leen  and m e s e n te r i c  
lymph nodes .  These c e l l s  were i n j e c t e d  i n t o  r e c i p i e n t s  (3 x 10^ /  
r e c i p i e n t )  as shown in  th e  p r o t o c o l  below:
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DONOR RB3IPIENT GROUP
Nd 3 X 10^ MLNC + Tsp A
3 X 10*^  SC 4- Tsp B
Tsp on ly  C
Groups o f  r e c i p i e n t s  were k i l l e d  8 days and 12 days p o s t  t r a n s f e r /  
i n f e c t i o n .  Mean worm r e c o v e r i e s  are shown in  Figure  10.  Th is  
exper iment  shared c o n t r o l s  w ith  th o s e  a l s o  shown in  Figure  6 .
The r e s u l t s  i n d i c a t e  th a t  day 8 MLNC/SC from N. dubius i n f e c ­
ted  mice had no e f f e c t  on the  e x p u l s io n  p a t t e r n  o f  T. s o i r a l i s  in  
NIH mice (Groups A and B ) .  The worm r e c o v e r i e s  resembled c l o s e l y  
t h o s e  o f  th e  c o n t r o l  (T, s o i r a l i s  on ly )  group C on both days 8 and 
12.  Worm le n g th s  (not  shown) were a l s o  u n a f fe c t e d  by th e  t r a n s f e r s .  
Worm f e c u n d i t i e s  were s u r p r i s i n g l y  low in  the  group g iv e n  MLNC 
(Group a ) being on ly  h a l f  o f  th e  c o n t r o l  v a lu e  on day 8. That t h i s  
i s  th e  r e s u l t  o f  th e  a c t i o n  o f  MLNC, d i r e c t l y  or i n d i r e c t l y ,  on the  
worm would seem t o  be u n l i k e l y .  There i s  no e v id e n c e  t o  s u g g e s t  
t h a t  t h e r e  i s  any cross - im m unity  between' N. dubius and T. s o i r a l i s .
In th e  p rev ious  experiment MLNC had been t r a n s f e r r e d  from 
N. dubius i n f e c t e d  mice t o  n a iv e  mice  which were then i n f e c t e d  w ith  
T. s o i r a l i s .  In fu r th e r  exper iments  t o  a s s e s s  whether or not a 
s u ppressor  c e l l  was in v o lv e d  in  th e  e f f e c t  of  N. dubius on T. s o i r a l i s  
e x p u l s io n  i t  was dec ided  t h a t  th e  t r a n s f e r  o f  MLNC to  n a iv e  r e c i p ­
i e n t s  might not have been s e n s i t i v e  enough to  d e t e c t  th e  suppressor  
a c t i v i t y  ( i f  i t  e x i s t e d )  and so two exoer im ents  (Experiments 10 and 
11) u s in g  mixed c e l l  p o p u l a t io n s  were performed. In both t h e s e  
exper iments  MLLC donors were mice which had been i n f e c t e d  7 days  
p r e v i o u s l y  w i th  e i t h e r  N. dubius or T. s o i r a l i s .  R e c ip i e n t s  r e c e iv e d  
one o f  t h e s e  s i n g l e  c e l l  p o p u l a t io n s  or a p o p u la t io n  obta ined  by
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FIGURE ]Q
E f f e c t  of  day 7 N. dubius MLNC/SC on ex p u ls io n  o f  T. s o i r a l i s
Mean recovery  (M.VR -  SD) T« s o i r a l i s  on days 8 and ,12 
a f t e r  t r a n s f e r  of  MLNC/SC
DONOR RECIPIENT GROUP
Nd 3 X lo"^  MLNC T Tsp A
3 X 10^ SC f  Tsp B
Tsp only  C
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group
mixing th e  two c e l l  t y p e s .
The experimental  d e s ig n  for  the f i r s t  experiment (Experiment 10)  
i s  s e t  out below:
DONOR RECIPIENT GROUP
Nd 1 . 8  X 10*^  MLNC + Tsp A
1 .8  X l o l  MLNC  ^ _ _
2 . 0  X lO ' MLNC ®
Tsp 2 . 0  X lo"  ^ MLNC + Tsp C
Tsp on ly  D
Donors were i n f e c t e d  w ith  300 N. dubius or 276 T. s o i r a l i s . A l l  
r e c i p i e n t  groups p lu s  c o n t r o l s  were k i l l e d  on day 8 p o s t  t r a n s f e r /  
i n f e c t i o n  with  300 T. s p i r a l i s . The r e s u l t s  are shown in  Figure  11.  
The mean adult  worm recovery  in  group A was s im i l a r  to  t h a t  o f  group 
D, th e  c o n t r o l ,  as was t h a t  o f  group B, th e  mice which had re c e iv e d  
t h e  mixed c e l l  p o p u l a t io n .  The mice which had been g ive n  on ly  MLNC 
from To s o i r a l i s  i n f e c t e d  donors showed th e  c h a r a c t e r i s t i c  d e c l i n e  
in  worm numbers. These r e s u l t s  show t h a t  the  MLNC from N. dubius  
i n f e c t e d  mice prevented th e  e x p r e s s io n  o f  immune MLNC from T. s o i r a l i s  
i n f e c t e d  mice*
The second experiment (Experiment 11) i s  s e t  out  below:
DONORS RBCIPIENTS GROUP
Nd
i  X m''  MLNC A
Tsp 1 X 10^ MLNC + Tsp B
Tsp o n ly  C
No mice  were g iven  N. dubius MLNC o n ly .  Donors were i n f e c t e d  w ith  
300 N, dubius or 300 T. s p i r a l i s  and r e c i p i e n t s  and c o n t r o l s  were  
i n f e c t e d  w ith  276 T. s o i r a l i s  and k i l l e d  8 days p o s t  t r a n s f e r .  The
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FIGÜREJJ
E f f e c t  o f  day 7 N. dubius and/or T. s p i r a l i s  MLM3 on 
e x p u ls io n  of  T. s o i r a l i s
Mean recovery  (M.VR -  SD) of  T . s p i r a l i s  on day 8 o f  i n f e c t i o n  
a f t e r  t r a n s f e r  o f  MLÎ4C
DONOR RECIPIENT GROUP
Nd 1 .8  X 10^ MUC + Tsp _ A
k o  X lo"  S  + B
Tsp 2 , 0  X 10^ MLLjC -f Tsp C
Tsp only  D



















mean worm r e c o v e r i e s  are shown in  F igure  12.  The red u c t io n  obta ined  
in  group B a s a  r e s u l t  o f  th e  t r a n s f e r  o f  MLNC from T» s o i r a l i s  
i n f e c t e d  mice was not as g r e a t  as would normally be e x p e c te d ,  be ing  
o n ly  a 23% red u ct io n  on th e  c o n t r o l  group (Group C ) .  Once again  
howeyer th e  mice g iv e n  a mixed c e l l  p o p u la t io n  did not respond as 
w e l l  t o  t h e  i n f e c t i o n  a lthough in  t h i s  c a s e  th e  d i f f e r e n c e  was not  
s t a t i s t i c a l l y  s i g n i f i c a n t .  From th e  r e s u l t s  obta ined  here  i t  i s  
d i f f i c u l t  to  p in p o in t  t h e  a c t i o n  o f  an N. dubius induced suppressor  
c e l l  and to  say th a t  t h i s  i s  r e s p o n s i b l e  for  th e  de layed  r e j e c t i o n  
o f  T. s p i r a l i s  in  doubly i n f e c t e d  m ice .
The r e s u l t s  p re s e n te d  in  a l l  t h e s e  exper iments  demonstrate  
c l e a r l y  t h a t  N, dubius can a f f e c t  th e  a c t i o n  o f  MLNC from T. s o i r a l i s  
i n f e c t e d  donors .  W h i l s t  N. dubius was p r e s e n t  MLNC f a i l e d  to  op era te  
w i t h in  th e  normal t im e span. In th e  p e n u l t im a te  experiment in  t h i s  
s e r i e s  i t  was decided  to  expose th e  donor MLNC to an N. dubius  i n f e c ­
t i o n  fo r  14 days  a f t e r  they  had been t r a n s f e r r e d  to  r e c i p i e n t s .
A f ter  t h i s  t im e ,  and b e fo r e  i n f e c t i o n  w ith  T. s o i r a l i s » th e  N, dubius  
i n f e c t i o n  would be term inated  l e a v in g  th e  way open for  the  MLNC to  
o p e r a te  in  th e  normal way. Of cou rse  t h i s  would o n ly  happen i f  th e  
e f f e c t  o f  N. dubius  on th e  t r a n s f e r r e d  MLNC was l o s t  when th e  
N. dubius  i n f e c t i o n  was drug t erm in a te d .
The exper imenta l  d e s i g n  i s  s e t  out below:
DONOR
Tsp 4 X 10*^  MLNC + 300 Nd
4  X 1 0 ^  MLNC 4  300 Nd 4  PYR 4  PYR 
4  X 1 0 ^  MLNC
300 Nd 4  PYR 4 PYR
RECIPIENT GROUP
4  Tsp A
4  Tsp B
4 Tsp C
4  Tsp D
Tsp o n ly E
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FIGURE 12
E f f e c t  of  day 7 N. dubius and/or  T. s o i r a l i s  MLNC on 
e x p u ls io n  of  T. s o i r a l i s
Mean recovery  (M//R -  SD) o f  T. s o i r a l i s  on day 8 o f ,  
i n f e c t i o n  a f t e r  t r a n s f e r  o f  MLNC
DONORS RECIPIENTS GROUP
Nd „
Tsp 1 X MLNC + Tsp B
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Donors ,  6 - 8  week old male NIH mice were I n fe c t e d  w i th  370 T. s o i r a l i s  
7 days  p r io r  to  c e l l  t r a n s f e r .  A l l  r e c i p i e n t s  were i n f e c t e d  w i th  
300 T. s p i r a l i s , 28 days  a f t e r  c e l l  t r a n s f e r s ,  and k i l l e d  8 days  
l a t e r .  N, dubius was g iv e n  on t h e  same day as the  MLNC t r a n s f e r s  
and in  ap p rop r ia te  groups (Groups B and O) terminated  by p y r a n te l  
trea tm ent  on days 14 and 20 o f  t h e  i n f e c t i o n .  R esu l t s  f o r  t h i s  
experiment (Experiment 12) are shown in  F igure  13.
In Group A t h e r e  was no ev idence  t o  s u g g e s t  t h a t  MLNC had been  
e f f e c t i v e ,  th e  i n f e c t i o n  w i th  T. s p i r a l i s  had been delayed  to  one 
month a f t e r  c e l l  t r a n s f e r .  Group C showed th e  mean worm recovery  
from an e f f e c t i v e  c e l l  t r a n s f e r  and t h i s  was more than 60% down on 
th e  c o n t r o l  v a l u e s  o f  Group E. In Group D, the  removal o f  the  
N. dubius i n f e c t i o n  did  not appear to  a l t e r  th e  immunosuppressive  
e f f e c t  o f  N. dubius on th e  T. s o i r a l i s  i n f e c t i o n  whereas th e  removal  
o f  th e  N. dubius i n f e c t i o n  in  th e  MLNC t r a n s f e r  group, Group B, d id  
have some e f f e c t .  I f  we compare Group B with  Group D then i t  app­
ears  t h a t  the  MLNC have had a marked e f f e c t  once th e  N. dubius i n f e c ­
t i o n  had been removed but th e  mean recovery  o f  T. s o i r a l i s  in Group 
B was not any lower than t h a t  o f  c o n t r o l  Group E.
DOES N. DUBIUS AFFECT T-CELLS OR B-CELLS?
The r o l e  o f  T and B - c e l l s  in  th e  immune e l i m i n a t i o n  o f  i n t e s t ­
i n a l  he lm inths  has a lr ea d y  been d e s c r ib e d  ( s e e  General  I n t r o d u c t i o n ) ,  
The response  a g a in s t  N. dubius has been Shown t o  be T-dependent ,  
however no ev idence  e x i s t s  t o  demonstrate  i f  th e  s u pp re ss io n  induced  
by th e  p a r a s i t e  i s  due t o  a s e l e c t i v e  e f f e c t  on the a c t i v i t y  of  T-  
c e l l s  or B - c e l l s  a lthough most o f  th e  a n t ig e n s  a g a in s t  which the  
s u p p r e s s iv e  e f f e c t  have been measured were T-dependent a n t i g e n s ,  
i . e .  a n t ig e n s  which requ ired  the  p r e s e n c e / a c t i v i t y  o f  T - c e l l s  to  
induce  a r e s p o n se .
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figure  13
E f f e c t  of  sh ort  term exposure of  immune MLNC (Tsp) to  
N. dubius i n f e c t i o n  in r e c i p i e n t  mice
Mean r e c o v ery  (M//R -  SD) T. s o i r a l i s  on day 8 of  i n f e c t i o n  
(36 days a f t e r  c e l l  t r a n s f e r )
DONOR RECIPIENTS GROUP
Tsp 4 X lo"^  MLNC + 300 Nd 4  Tsp A
4 X 10*^  MLNC 4 300 Nd 4  PYR 4  PYR 4  Tsp B
4 X lo"^  MLNC 4  Tsp C
300 Nd 4  PYR 4 PYR 4 Tsp D
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E a r l i e r  exper iments  su ggested  th a t  the  f e c u n d i t y  o f  T. s p i r a l i s  
in  MLNC r e c i p i e n t  mice  was decreased  even when wo.rm e x p u ls io n  was 
d e layed  by the  p resen ce  o f  an N. dubius in f e c t i o n *  This experiment  
(Experiment 13) was d es igned  to  determine which c e l l  p o p u la t io n  was 
most a f f e c t e d  in i t s  a c t i o n  s i n c e  i t  has been suggested  t h a t  the  
B - c e l l  p o p u la t io n  may be r e s p o n s i b l e  for  anti-worm e f f e c t s  and th e  
T - c e l l  p o p u la t io n  for  worm e x p u l s io n  (Wakelin and Wilson 1979) ,
The c e l l  r e c i p i e n t s  in  t h i s  experiment were mice c h r o n i c a l l y  
i n f e c t e d  w ith  N« d u b iu s . T h is  i n f e c t i o n  had been p r e s e n t  for  two 
months p r io r  to  c e l l  t r a n s f e r / i n f e c t i o n .  Mice were 14-16 weeks old  
a t  th e  t ime they  r e c e iv e d  MLNC, The experimental  d es ig n  i s  s e t  out  
below:
DONOR RECIPIENT GROUP
Tsp Tsp (Nd) A
(T) MLNC 4 Tsp (Nd) B
(B) MLNC 4 Tsp (Nd) C
(T) MLNC 4 Tsp D
(B) MLNC 4 Tsp E
MLNC





A ll  mice  (exce pt  Group Al-G)recelved a t o t a l  o f  2 x 10*^  c e l l s .  The 
r e s u l t s  are  shown In F igure  14,  R ec ip i en t  mice were i n f e c t e d  w i th  
T, s p i r a l i s  on th e  same day as c e l l  t r a n s fe r *  A l l  groups were k i l l e d  
8 days  p o s t  t r a n s f e r / i n f e c t i o n *  No mice were g ive n  unseoarated  MLT'C 
p lu s  i n f e c t i o n s  w i th  N. dubius and T. s o i r a l i s . The mean worm r e c o v ­
ery  o f  T* s o i r a l i s  from Group A, th e  double i n f e c t i o n ,  was s i m i l a r  
t o  t h a t  of  c o n t r o l  Grouo G, The T and B - c e l l  t r a n s f e r s  t o  mice  in f e c '  
t ed  w i th  T. s o i r a l i s  (Groups D and E) g r e a t l y  reduced th e  mean worm
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FIGURE 14
Mean recovery  (NiVR -  SD) T.  s p i r a l i s  on day S o f  i n f e c t i o n
a f t e r t r a n s f e r  of  MLNC
DONOR RECIPIENT GROUP
Tsp Tsp (Nd) A
( t )  MLKC 4  Tsp (Nd) B
(b ) MLNC 4  Tsp (Nd) C
(t ) MLNC 4 Tsp D
(b ) MLNC 4  Tsp E
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r e c o v e r i e s  in  t h e s e  groups when compared t o  th e  c o n t r o l  Group G,
This  re d u c t io n  was g r e a t e r  than t h a t  obta ined  with  th e  unseparated  
MLNC, Group F. However in  Groups B and C, the  groups g iv e n  T and 
B - c e l l s  p lu s  i n f e c t i o n s  w ith  T , s o i r a l i s  and N. dubius t h e  c e l l s  
were not  as e f f e c t i v e  as th e  same c e l l s  in  th e  s i n g l e  i n f e c t i o n  groups  
in  reducing  the  mean worm recovery*  Once again t h e r e  was a marked 
e f f e c t  o f  N, dubius on t h e  e f f e c t i v e n e s s  o f  MLNC even though the  
N. dubius  i n f e c t i o n  had been p r e s e n t  in  the  c e l l  r e c i p i e n t s  for  
e i g h t  v/eeks.  Fecun d ity  v a l u e s  were not measured for  Groups D and E, 
Only Group F showed a s i g n i f i c a n t l y  decreased  fe c u n d i ty  v a l u e .
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LYMPHOCYTE MIGRATION PATTERIn!S IN N. DUBIUS/l,  SPIRALIS INF3STED MICE
The e a r l y  exper iments  (Experiments 1 and 2)  p resen ted  in  s e c t i o n  
l ( l )  showed a marked d e l a y  in  th e  e x p u ls io n  o f  T* s o i r a l i s  from mice  
c o n c u r r e n t l y  i n f e c t e d  w i th  N, dubius* As mentioned in  th e  i n t r o -  
duC'ti,on a c l e a r  p a t t e r n  o f  lymphoid c e l l  homing t o  th e  i n t e s t i n e  
o f  T. s o i r a l i s  i n f e c t e d  mice  has been e s t a b l i s h e d .  The exper iments  
in  t h i s  s e c t i o n  were d es ign ed  t o  f ind  out i f  a concurrent  i n f e c t i o n  
w ith  N. dubius a f f e c t e d  lymphoid c e l l  homing p r o p e r t i e s  in  T> s o i r a l i s  
i n f e c t e d  m ice .
The MLNC donors used in  th e  f o l l o w i n g  exp er im en ts ,  were mice  
which had been i n f e c t e d  for  4 days w i th  300-400  T, s p i r a l i s . Day 4 
was chosen because  at  t h i s  t ime a la r g e  number o f  c e l l s  can be r e c ­
overed from th e  MLNC ( C h r i s t i e  197 9 ) ,  This  reduces  th e  number o f  
donors  requ ired  and p r o v id e s  a c e l l  p o p u la t io n  which w i l l  ta k e  up 
s u f f i c i e n t  r a d i o - l a b e l  t o  g i v e  s u b s t a n t i a l  counts  in  each organ at  
r e c o v e r y .  In th e  f i r s t  experiment (Experiment 14) l a b e l l e d  c e l l s  
were t r a n s f e r r e d  to  r e c i p i e n t s  as s e t  out below:
DONOR CELLS RBCIPIENTS GROUP
Tsp 4-4 l a b e l l e d  MLNC Tsp (day  4 o f  i n f e c t i o n ) A
Nd (day 4 o f  i n f e c t i o n ) B
Tsp X Nd (day  4 of  i n f e c t i o n ) C
C on tr o l  (no i n f e c t i o n ) D
The r e s u l t s  in  terms o f  % i n j e c t e d  dose o f  i s o t o p e  recovered  and 
% o f  T o ta l  recovery  per organ are  shown in  F igures  15 and 16 r e s p e c t ­
i v e l y .
The % r ecovery  o f  i s o t o p e  from th e  small  i n t e s t i n e  in  th e  day 4  
s i n g l e  i n f e c t i o n  with  N. dubius group,  (Group B) was s i m i l a r  to  t h a t  
o f  c o n t r o l  Group D, but i n  mice g iv e n  th e  day 4 - s i n g l e  i n f e c t i o n  with
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nGURE_15
Lymphocyte m i g r a t i o n  p a t t e r n s  in  N. d u b i u s / T ,  s p i r a l i s
i n f e c t e d  mice
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T. s p i r a l i s  th e r e  was a s i g n i f i c a n t  i n c r e a s e  over c o n t r o l ,  w ith  a 
mean % r ecovery  o f  7 .8 2  -  0 . 4 8  (Group A). However th e  recovery  
from th e  small  i n t e s t i n e  o f  doubly i n f e c t e d  m ice ,  5 . 0 9  -  0 . 6 7 ,  was 
s i m i l a r  to  the  c o n t r o l  v a l u e  and s i g n i f i c a n t l y  lower than T» s o i r a l i s  
a lo n e  (Group A). T h is  r e s u l t  dem onstrates  a marked e f f e c t  o f  
N. dubius on the  lymphoblast  homing to  the  gut  o f  mice  c o n c u r r e n t l y  
i n f e c t e d 'w ith  T. s o i r a l i s . I t  i s  perhaps important t o  n o t i c e  th a t  
t h e  s i n g l e  i n f e c t i o n  w i th  N, dubius (Group B) d id  not s i g n i f i c a n t l y  
d e c r e a s e  homing to  the  g u t ,  when compared with  c o n t r o l  v a l u e s ,  but  
did p reven t  any i n c r e a s e  in  homing in  T, s o i r a l i s  i n f e c t e d  m ice .
The p erce n ta g e  o f  l a b e l  recovered  from th e  MLN was in cr ea se d  in  both  
ty p es  o f  s i n g l e  i n f e c t i o n  but remained at  a low c o n t r o l  l e v e l  in  the  
doubly  i n f e c t e d  group. A l l  t h r e e  experimental  groups showed i n c r e a s e s  
in  s p l e e n  counts  when compared with  th e  c o n t r o l  v a l u e s .  Liver  
counts  were a l s o  r a i s e d  in  th e  T. s o i r a l i s / N .  dubius group and in  
th e  T. s o i r a l i s  group but not  in  th e  N. dubius s i n g l e  i n f e c t i o n  
group. Only T. s o i r a l i s  i n f e c t e d  mice  (Group A) showed a s i g n i f i c ­
ant  i n c r e a s e  in  th e  t o t a l  p e r c e n ta g e  i n j e c t e d  dose re c o v e r e d .  The 
changes in  the  p e rce n ta g e  i s o t o p e  recovered  from each organ,  F igure  
16 ,  show th a t  th e  r e l a t i v e  d i s t r i b u t i o n . of  l a b e l l e d  c e l l s  in  each 
o f  t h e  four organs i s  o n ly  s l i g h t l y  a f f e c t e d  by th e  i n f e c t i o n s .  The 
most s i g n i f i c a n t  changes were in  th e  MLN and SI  o f  th e  day 4 N. dubius  
i n f e c t i o n  (Group B) .  These mice  gave lower r e c o v e r i e s  than c o n t r o l s  
from t h e  SI but high r e c o v e r i e s  in  th e  MLN* R ecover ies  were a l s o  
lower than c o n t r o l s  in  th e  SI  o f  T. s o i r a l i s  (Group A) and N. d u b i u s /
T. s o i r a l i s  (Group C) i n f e c t e d  mice .
The experiment was repeated  and a d d i t i o n a l  groups were  added 
to  extend the in form at ion  to  day 8 o f  th e  T. s o i r a l i s  and N. dubius  
i n f e c t i o n s *  T his  i s  j u s t  p r io r  to  th e  e x p u ls io n  o f  T« s o i r a l i s  in
f i g u r e  16
Lymphocyte m i g r a t i o n  p a t t e r n s  in  N. d u b i u s / T .  s o i r a l i s
i n f e c t e d  mice
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t h e  normal s i n g l e  i n f e c t i o n  ( s e e  day 8 ,  F ig u r e s  1 and 2)  and would 
p r o v id e  data  on whether or not th e  changes  which accompany T. s p i r a l i s  
e x p u l s i o n ,  s t a r t i n g  on day 8 ,  a l s o  occur in  th e  double  i n f e c t i o n  
groups  in  which e x p u ls io n  i s  de layed ( s e e  F igures  1 and 2 ) .  The 
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Because  of  th e  problems o f  p r o c e s s in g  la r g e  numbers o f  c e l l s  for  
l a b e l l i n g  th e  experiment was c a r r i e d  out on two days but u s in g  mice  
from t h e  same batch .  A day 4 T. s o i r a l i s  i n f e c t i o n  was inc luded  
as a p o s i t i v e  c o n t r o l  ( s e e  F igure  18,  Group A). The r e s u l t s  are  
shown in  F igures  17 and 18 (% i n j e c t e d  dose  o f  i s o t o p e  recovered  
on days  4 and 8 r e s p e c t i v e l y )  and F ig ur es  19 and 20 (% r a d i o a c t i v i t y  
recovered  per organ on days 4 and 8 r e s p e c t i v e l y ) .
The day 4 r e s u l t s  ( s e e  F ig u r es  17 and 19) fo l low ed  th e  p a t t e r n  
which had been s e t  in  th e  p r e v io u s  exper iment.  The p e r c e n ta g e  injeC' 
ted  dose  recovered from th e  small  I n t e s t i n e  was in c r e a se d  markedly 
in  th e  T. s o i r a l i s  day 4 s i n g l e  i n f e c t i o n  group (Group A, F igure  17),
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FIGURE 17
Lymphocyte m i g r a t i o n  p a t t e r n s  i n  N. d u b i u s / t .  s o i r a l i s
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Lymphocyte m ig ra t io n  p a t t e r n s  in  N, d u b lu s /T .  s o i r a l i s  
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There was a l s o  a s l i g h t  though not  s i g n i f i c a n t  i n c r e a s e  in  th e  double  
i n f e c t i o n  group (Group C, F igure  17) and, on t h i s  o c c a s i o n ,  a s i g ­
n i f i c a n t  drop in  t h e  l a b e l  recovery  in  N, dubius i n f e c t e d  mice  
(Group B, Figure  17 ) .  The i n c r e a s e  in  th e  recovery  from t h e  small  
i n t e s t i n e  in th e  double i n f e c t i o n  group v/as not as g r e a t  as th e  
i n c r e a s e  in  the  T. s o i r a l i s  day 4 i n f e c t i o n .
The second h a l f  o f  t h i s  experiment provided some i n t e r e s t i n g  
r e s u l t s .  As b e f o r e ,  th e  day 4 s i n g l e  i n f e c t i o n  small  i n t e s t i n e  
p e r c e n ta g e  i n j e c t e d  dose recovered  was s i g n i f i c a n t l y  g r e a t e r  than  
c o n t r o l  (Figure  18,  Group E) but t h e  p e r c e n ta g e  i n j e c t e d  dose r e c o v ­
ered from the  small  i n t e s t i n e  o f  th e  day 8 s i n g l e  i n f e c t i o n  ( F i g u r e . 1 8 ,  
Group B) was o n ly  m a r g in a l ly  g r e a t e r  than th e  c o n t r o l  v a l u e .  Although 
th e  p erce n ta g e  i n j e c t e d  dose  recovered from th e  small  i n t e s t i n e  of  the  
d ouble  i n f e c t i o n  group on day 8 (Figure  18, Group D) was up by a f u l l  
one p erce n t  (o f  i n j e c t e d  dose )  compared with  the c o n t r o l  v a lu e  i t  was 
s t i l l  s i g n i f i c a n t l y  lower than t h a t  from t h e  day 4 T. s o i r a l i s  i n f e c ­
t i o n .  The r e c o v e r i e s  {% i n j e c t e d  dose )  for  the  o ther  organs were  
b a s i c a l l y  th e  same in  th e  day 4 groups (Figure 17) as th ey  had been 
in  th e  p rev iou s  exper iment .  There were however,  some changes  in  the  
day 8 groups ,  p a r t i c u l a r l y  t h o s e  i n f e c t e d  with  M. d u b iu s . In both  
groups (Figure 18,  Groups C and D) th e  counts  from th e  sp le e n  {% i n j e c ­
ted  dose rec overed )  were at  l e a s t  double th o se  of  th e  c o n t r o l  v a l u e .  
T h is  i s  probably  a r e f l e c t i o n  o f  th e  splenomegaly which accompanies  
M. dubius i n f e c t i o n  ra th er  than th e  d i v e r s i o n  o f  l a b e l l e d  c e l l s  from 
t h e  sm al l  i n t e s t i n e  to  t h e  s p l e e n .  The changes in  p erce n ta g e  t o t a l  
rec o v ery  for  th e  s p le e n s  in both t h e s e  groups are shown c l e a r l y  in  
Figure  20 (Groups C and D) ,  The r e s u l t s  obtained  on day 8 might sug ­
g e s t  th a t  the  f a i l u r e  to  detect ,  enhanced m igra t ion  t o  th e  small  i n t e s t ­
in e  at  t h i s  t ime in  double  i n f e c t e d  mice was due to  the  d i v e r s i o n
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FIGURE 19
Lymphocyte m i g r a t i o n  p a t t e r n s  i n  N. d u b i u s / T .  s o i r a l i s
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FIGURE 20
Lymphocyte m igra t ion  p a t t e r n s  in  N. d u biu s /T .  s o i r a l i s  
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o f  l a b e l l e d  c e l l s  from th e  small  i n t e s t i n e  to  th e  s p l e e n .  Hov.'evex, 
t h e  su p p re ss io n  o f  th e  in c r e a s e d  t r a f f i c  t o  t h e  i n t e s t i n e  seen  in  
doubly i n f e c t e d  mice on day 4 was not  a s s o c i a t e d  with  an i n c r e a s e  
i n  t h e  rec o v e r y  o f  l a b e l  from th e  s p le e n  and thus  i t  would appear 
u n l i k e l y  t h a t  the  f a i l u r e  t o  d e t e c t  enhanced m ig ra t io n  was due s o l e l y  
t o  t h e  r e d i s t r i b u t i o n  o f  l a b e l l e d  c e l l s  from gut  t o  s p l e e n .
The e x p u ls io n  o f  T. s o i r a l i s  from NIH mice  i s  u s u a l l y  com p le te  by 
day 12 p o s t  i n f e c t i o n  ( s e e  F igures  1 and 2) but not i f  t h e  mice  
are c o n c u r r e n t ly  i n f e c t e d  w ith  N. d u b iu s .  The p r e s e n c e  o f  an N. dubius  
i n f e c t i o n  d e la y s  r a th e r  than p rev en ts  e x p u l s io n .  The p r e v io u s  
experiments  have shown t h a t  the  in c r e a se d  i n t e s t i n a l  r ec o v ery  {% i n j ­
e c te d  d o s e )  normal ly  a s s o c i a t e d  with  day 4 o f  a T. s o i r a l i s  i n f e c ­
t i o n  does  not occur in  the  p r e s e n c e  o f  N. dubius .  The n ex t  e x p e r i ­
ment (Experiment 16) examined the  lymphoblast  m ig r a t io n  p a t t e r n s  
i n  mice  on day 12 o f  s i n g l e  and concurrent  i n f e c t i o n s  o f  N. dubius  
and T. s o i r a l i s  t o  determ ine  i f  enhanced m i g r a t i o n ,  l i k e  worm ex­
p u l s i o n ,  was m ere ly  d e layed  in  th e  p resen ce  of  N> d u b iu s . The 
exper im enta l  d e s ig n  i s  s e t  out  below (Experiment 16) :
DONOR CELLS R3CIPIENTS GROUP
Tsp + 4 Tsp (day 4 o f  i n f e c t i o n )  A
Tsp (day 12 o f  i n f e c t i o n )  B
Nd (day 12 o f  i n f e c t i o n )  C
Tsp X Nd (day 12. o f  i n f e c t i o n )  D
C ontro l  (no i n f e c t i o n )  E
Once aga in  a group^of r e c i p i e n t s  w ith  a day 4 T. s o i r a l i s  i n f e c t i o n  
were inc luded  as a p o s i t i v e  c o n t r o l .  The r e s u l t s  are shown in  
F ig u r e s  21 (% i n j e c t e d  d ose  o f  i s o t o p e  r ec o v ered )  and 22 (% o f  T o ta l  
r ec o v ery  per organ ) .  The important r e s u l t s ,  % i n j e c t e d  dose  r e c o v e r e d ,
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FIGURE 21
Lymphocyte m i g r a t i o n  p a t t e r n s  in  N. d u b i u s / T ,  s p i r a l i s
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FIGURE 22
Lymphocyte m i g r a t i o n  p a t t e r n s  i n  N» d ub ius /T «  s o i r a l i s
i n f e c t e d  mice
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(F igur e  2 l )  are the  small  i n t e s t i n e  v a l u e s  obta ined  fo r  th e  day 4 
T» s p i r a l i s  i n f e c t i o n  (Group A) and t h e  K. dubius x T. s o i r a l i s  
day 12 i n f e c t i o n  (Group D)o The day 4 T. s o i r a l i s  i n f e c t i o n  gave  
a good p o s i t i v e  ( in c r e a s e d  homing) c o n t r o l  once ag a in .  The double  
i n f e c t i o n  group (Group D, F igure  21)  showed a m ass ive  in c r e a s e  
(over  c o n t r o l )  of  t h e  % i n j e c t e d  d o s e  of  i s o t o p e  recovered  from 
th e  smal l  i n t e s t i n e *  T h is  i n c r e a s e  was g r e a t e r  even than t h a t  o f  
th e  day 4 T. s o i r a l i s  and M. dubius  day 12 s i n g l e  i n f e c t i o n s  (Groups 
B and C, F igure  2 l ) ,
R e c o v e r i e s  fo r  th e  o th er  organs were as b e f o r e  except  t h a t  the  
cou n ts  from the  s p le e n s  o f  a l l  day 12 i n f e c t e d  groups were h igher  
than t h o s e  o f  c o n t r o l s .  Both groups w i th  day 12 N. dubius i n f e c t i o n s  
(Groups C and D) were lower than th e  v a l u e s  obta ined  for  t h e s e  
groups on day 8 o f  i n f e c t i o n  ( s e e  p r e v io u s  r e s u l t ) .
The f i n a l  experiment in  t h i s  s e r i e s  (Experiment 17) examined 
lymphoblast  m ig ra t io n  p a t t e r n s  on day 16 o f  s i n g l e  and double  i n f e c ­
t i o n s  w i t h  Nt, dubius and T. s p i r a l i s . This  i s  the  t ime when the  
e x p u l s io n  o f  T. s o i r a l i s  in  doubly  i n f e c t e d  mice i s  about to b eg in  
( s e e  F ig u r e s  1 and 2 ) .  Included in  t h i s  experiment was a day 4 
T. s o i r a l i s  i n f e c t i o n  as a p o s i t i v e  homing c o n t r o l .  Also in c lu d ed  
was a group o f  mice which were i n f e c t e d  w i th  N. dubius 12 days  b e f o r e  
T. s o i r a l i s  i n f e c t i o n ,  the  T. s o i r a l i s  i n f e c t i o n  be ing  g iv e n  4 days  
p r i o r  t o  th e  assessm ent  o f  lymphoblast  m ig r a t i o n .  The gap between  
i n f e c t i o n s  al lowed the  N. dubius  t ime to  com plete  development to  
t h e  a d u l t  s t a g e  and., .emerge from t h e  mucosa i n t o  t h e  gut lumen b e f o r e  
mice  were i n f e c t e d  w ith  T. s o i r a l i s . This  group was in c lu d ed  to  
d eterm ine  i f  th e  s u p p r e s s iv e  e f f e c t  o f  N« dubius  on enhanced m igra­
t i o n  to  t h e  small  i n t e s t i n e  o f  day 4 T. s o i r a l i s  i n f e c t e d  mice ( s e e  
Group B F igure  l ? )  was reduced when th e  p a r a s i t e  was in  th e  lumen
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FIGURE 23
Lymphocyte m ig ra t io n  p a t t e r n s  in  N. dubius /T .  s o i r a l i s  
i n f e c t e d  nice
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FIGURE 24
Lymphocyte m ig ra t io n  p a t t e r n s  in  N. d u b i u s / t .  s o i r a l i s  
i n f e c t e d  mice
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and se c o n d ly  to  determine  i f  th e  enhanced m igra t ion  observed in  
doubly  i n f e c t e d  mice  (Group D F igure  2 l )  was s imply  due to  th e  
emergence o f  N, dubius from th e  i n t e s t i n a l  wall*  The r e s u l t s  are  
shown, in  F ig u r e s  23 and 24*
Once again th e  p e r c e n ta g e  i n j e c t e d  d ose  o f  i s o t o p e  recovered  
from th e  small  i n t e s t i n e  on day 4 o f  the  T. s o i r a l i s  s i n g l e  i n f e c t i o n  
was s i g n i f i c a n t l y  h igh er  than c o n t r o l  (compare Groups A and E, F igure  
2 3 ) .  None o f  th e  o ther  groups showed such a l a r g e  i n c r e a s e  ( sm al l  
i n t e s t i n e  % i n j e c t e d  d ose  o f  i s o t o p e  r e c o v e r e d ) ,  a l though  th e  N. dubius  
day i 6 / t .  s o i r a l i s  day 4 group (Figure  2 3 ,  Group F ) did show a s l i g h t  
i n c r e a s e  over c o n t r o l  (Group E).  N* dubius  day 16/T* s p i r a l i s  day l6  
and T. s o i r a l i s  day 16 groups (Groups D and B, F igure  23)  both gave  
smal l  i n t e s t i n e  r e c o v e r i e s  lower than t h o s e  of  c o n t r o l s .  The p e r ­
c e n ta g e  t o t a l  recovery  f o l l o w e d  much th e  same p a t t e r n  as in  p r e v io u s  
exp er im en ts .  The rec o v ery  from th e  small  i n t e s t i n e  o f  th e  N. dubius  
day i 6 /T .  s o i r a l i s  day l6  group was much lower than o f  any o ther  
group.
The l a s t  f i g u r e s  in  t h i s  s e c t i o n  are th e  summary t a b l e s  for  
each o f  th e  organs over  t h e  comple te  p er iod  o f  th e  s tudy .  They g i v e  
a c l e a r e r  day t o  day record o f  th e  changes  o ccu rr in g  w i t h in  each  
organ in  th e  d i f f e r e n t  i n f e c t i o n  groups .  The mean v a lu e  fo r  th e  
c o n t r o l  groups ( u n in f e c t e d  m ice )  ( -  2 standard d e v i a t i o n s )  i s  shown 
on each t a b l e .  These r e s u l t s  w i l l  not be d e s c r ib e d  again  but w i l l  
be r e f e r r e d  t o  in  th e  d i s c u s s i o n  (F igures  2 5 ,  2 6 ,  2 7 ,  2 8 ) .
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FIGURE 25
Lymphocyte m i g r a t i o n  p a t t e r n s  i n  N. d u b i u s / T .  s o i r a l i s
i n f e c t e d  mice
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FIGURE 26
Lymphocyte m i g r a t i o n  p a t t e r n s  i n  N. du b iu s /T »  s p i r a l i s
i n f e c t e d  mice
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FIGURE 27
Lymphocyte m igra t ion  p a t t e r n s  in  N. dubius/T* s o i r a l i s  
i n f e c t e d  mice
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FIGURE 23
Lymphocyte m igra t ion  p a t t e r n s  in  N. d u b iu s /T .  s o i r a l i s  
i n f e c t e d  mice
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SECTION 1 (2 )
INTRODUCTION
From the  r e s u l t s  obta ined  in  th e  prev ious  s e c t i o n  u s in g  th e  
N. dubius-T .  s o i r a i l s -mouse system t h e r e  can be l i t t l e  doubt t h a t ,  
during concurrent  i n f e c t i o n  with  N. d u b l u s , some p a r t ( s )  o f  the  
immune response  or th e  inflammatory re sp o n se  a g a in s t  T« s p i r a l i s  
are s low to  op era te  or f a i l  to  fu n c t io n  a l t o g e t h e r .  The complex­
i t y  o f  th e  in v i v o  system means t h a t  i t  i s  not  p o s s i b l e  to  p in p o in t  
t h e  l e s i o n  u s in g  t h i s  approach and a cco r d in g ly  fu r th e r  in  v i v o  and 
in  v i t r o  s t u d i e s  of  c e l l u l a r  r e s p o n s i v e n e s s  during N. dubius i n f e c ­
t i o n  were undertaken.  Two c e l l  t y p e s  were examined namely macro­
p hages ,  because  o f  th e  important r o l e  they  p lay  in  a n t ig en  p r o c e s s ­
ing and p r e s e n t a t i o n  to  T and B lymphocytes and lymphocytes because  
o f  t h e i r  r o l e s  in  i n i t i a t i o n ,  modulat ion and e x p r e s s io n  o f  th e  
immune r e s p o n se .  These two c e l l  t y p e s  are l i k e l y  t o  have the  
most profound e f f e c t s  on immune r e s p o n s i v e n e s s  i f  t h e i r  normal 
f u n c t io n in g  i s  prevented  or d e la y e d .  Macrophages were examined in  
an inflammation  t e s t ,  lymphocytes in  a mitogen s t im u la t io n  a s s a y .
P e r i t o n e a l  macrophages have been seen to  adhere to  l a r v a e  o f  
N. dubius both in  v i v o  and in  v i t r o  and i t  has been p o s t u l a t e d  t h a t  
macrophages p la y  a major r o l e  in  th e  resp on se  to  a s i n g l e  i n f e c t i o n  
w ith  N. dubius (Chaicumpa and Jenkin 1978) ,  Macrophage a c t i v i t y  
and f u n c t io n in g  can be examined in  a v a r i e t y  o f  ways,  t h e  most com­
monly used methods i n v o l v i n g  h i s t o c h e m ic a l  tec h n iq u e s  which are  
s p e c i f i c  fo r  c e r t a i n  lysosom al  enzymes such as th e  a l k a l i n e  or ac id  
p h o sp h a ta s es .  Morphological  a ssessm ents  o f  macrophage a c t i v i t y  can 
a l s o  be made and t h e s e  i n v o l v e  count ing  t h e  number of  pseudopodia  
and th e  number o f  p h a g o cy t ic  v a c u o le s  p r e s e n t  in  th e  c e l l .
Macrophages are u s u a l l y  r e f e r r e d  to  as be ing  ' s t im u la te d *  when 
in cr ea se d  a c t i v i t y  i s  determined m o r p h o lo g ic a l ly  and as ' a c t i v a t e d *  
when enzymatic t e c h n iq u e s  are  u s e d ,  'A c t i v a t e d '  or ' s t i m u l a t e d '  
macrophages have in c r e a s e d  DNA l e v e l s ,  in c r e a s e d  p r o t e i n  s y n t h e s i s  
and an enhanced a b i l i t y  to  k i l l  b a c t e r i a  such as L i s t e r i a  monocytogenes . 
The t e c h n iq u e  used h ere  to  measure macrophage a c t i v i t y  was the  ac id  
p hosphatase  t e s t  f i r s t  d e s c r ib e d  by R o s a l e s ,  Bennett  and Rutenburg 
(1 9 6 6 ) .
The second method o f  a s s e s s i n g  macrophage a c t i v i t y  was an i n f la m ­
mation t e s t  d e s c r ib e d  by Normann and Schardt ( l 9 7 8 ) .  T h is  t e s t  u s e s  
a s t a n d a r d i s e d ,  b i o l o g i c a l l y  i n e r t  s t i m u l u s ,  a n i t r o c e l l u l o s e  f i l t e r ,  
t o  e l i c i t  a subcutaneous  inf lammatory resp onse  and a l low s  easy  
q u a n t i f i c a t i o n  o f  th e  c e l l  ty p es  in v o lv e d .  N i t r o c e l l u l o s e  f i l t e r s  
do not  produce th e  i n t e r s t i t i a l  oedema t h a t  occurs  when c o v e r s l i p s  
are  used in  s i m i l a r  t e s t s .  Included in  th e  r e s u l t s  d e s c r ib e d  here  
are  t h o s e  obta ined  from th e  p r e l im in a r y  exper iments  in  which the  
t e s t  was c h a r a c t e r i z e d  p r io r  t o  i t s  u s e  in N, dubius i n f e c t e d  an im als .
The s e c t i o n  i s  completed by an i n v e s t i g a t i o n  o f  the  a c t i v i t y  
o f  lymphocytes  from th e  m e s e n te r i c  lymph node and s p le e n  during  
N. dubius i n f e c t i o n .  The a b i l i t y  o f  c e l l s  from t h e s e  organs t o  
respond t o  s t i m u l a t i o n  by p o l y c l o n a l  T and B c e l l  a c t i v a t o r s  was 
examined in  a m acrocu l ture  system.
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SB3TI0N 1 (2 )
MATERIALS AND METHODS
ACID PHOSPHATASE ACTIVITY OF PERITONEAL MACROPHAGB
Acid phosphatase  a c t i v i t y  was a s s e s s e d  according t o  th e  method 
o f  R o s a l e s ,  Bennett  and Rutenburg ( l% 6 )*  P e r i t o n e a l  exudate c e l l s  
( peg) were obtained from mice  a f t e r  i / p  i n j e c t i o n  o f  3m1 o f  s t e r i l e  
medium 199.  The medium was withdrawn and a l iq u o te d  i n t o  t e s t - t u b e s  
c o n t a in in g  small  (l4mm) round c o v e r s l i p s .  F o e t a l  c a l f  serum was 
added to  g i v e  a c o n c e n tr a t i o n  o f  10%. A f ter  s i x  hours in cu b a t io n  
(37^0) th e  c o v e r s l i p s  were washed e x t e n s i v e l y  to  r e l e a s e  non-adher­
ent  PEC. The adherent c e l l s  (macrophages) were a i r  d r ied  and f i x e d  
in  20% formalin  in 50?  ^ a cé to n e  at  0^0 for  1 m inute ,  r in s e d  in  tap  
water  and a ir  d r i e d .
The f i x e d  smears were incubated  in  a f r e s h l y  prepared mixture  
o f  s tock  s u b s t r a t e  s o l u t i o n  and Fas t  Blue BBN. The s tock  s o l u t i o n  
was prepared by d i s s o l v i n g  30ng Naphthol AS phosphate (Sigma, Poo le )  
in  0 .2 5 m l ,  N,N-dimethyl formamide (Sigma, Poole)  and s u bs eq u en t ly  
adding lOOml o f  a c e t a t e  b u f f e r  pH 5 . 0 ,  This s tock s o l u t i o n  i s  
r ep orted  to  be s t a b l e  for  s e v e r a l  months (R osa les  e t  a l  1966 ) .
B e fo r e  in c u b a t io n  lOmg o f  F a s t  Blue BBN v a^s d i s s o l v e d  in  lOml of  
s to c k  s u b s t r a t e  s o l u t i o n  and f i l t e r e d  r a p i d l y .
A fter  in cu b a t io n  smears were r in s e d  in  tap water and a i r  d r i e d .  
Smears w e r e , c o u n t e r s t a in e d  w ith  a 0.1% aqueous s o l u t i o n  o f  N eutra l  
Red for  2 - 3  m in u tes ,  a i r  d r ie d  and mounted in DPX (BDH). Controls  
were one o f  th r e e  t y p e s :
1. smears incubated in  diazonium s a l t  w i th ou t  s u b s t r a t e  
( i . e .  Naphthol AS Phosphate ) ,
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2 ,  smears i n a c t i v a t e d  by immersion in  b o i l i n g  w ater  for  
1 m inute ,
3 .  smears incubated  in stock s u b s t r a t e  s o l u t i o n  w i th o u t  
diazonium s a l t  ( i . e .  F as t  Blue BBN).
Acid phosphatase  a c t i v i t y  appears as r o d - l i k e  (or round) dark -  
blue  cy to p la sm ic  g ra n u le s  when smears are  examined under o i l  immer­
s i o n .  A c t i v i t y  i s  measured by cou n t ing  th e  number o f  g r a n u le s  per 
c e l l .
INFLAMMATION TEST
This tech n iq u e  was f i r s t  d e s c r ib e d  by Normann and Schardt  ( l 9 7 S ) .  
C i r c u l a r  n i t r o c e l l u l o s e  f i l t e r s  ( S a r t o r iu s  Membrane F i l t e r s ,  V.A. Howe 
and Co. Ltd, London) measuring I3mm x I30pm and w ith  a pore s i z e  o f  
0.2pm were s e l e c t e d  for  u se  in  t h e  t e s t .  At t h i s  pore s i z e  adherent  
c e l l s  are unable to  p e n e t r a t e  i n t o  th e  i n t e r i o r  o f  th e  f i l t e r .
Animals were a n a e s t h e t i s e d  as fo r  laparotomy and l i g h t l y  secured  
t o  t h e  o p era t in g  s u r f a c e  w i th  adh es ive  t a p e ,  v e n t r a l  s i d e  uppermost  
( s e e  M a t e r ia l s  and Methods s e c t i o n  2 ) .  An i n c i s i o n  ( icm) was made 
in  t h e  s k i n ,  j u s t  r i g h t  o f  th e  m i d l i n e ,  and th e  subcutaneous  t i s s u e  
on th e  r i g h t  o f  the  i n c i s i o n  separated  from th e  body w a l l  by means 
o f  b lu n t  fo r c e p s .  When a pocket  had been formed a c l e a n  s t e r i l e  
f i l t e r  mois tened  w i th  s t e r i l e  d i s t i l l e d  water  was i n s e r t e d  w i th  
d i s s e c t i n g  f o r c e p s ,  l -2cm from th e  s k in  i n c i s i o n .  The s t e r i l e  d i s ­
t i l l e d  water, a l low s  f r e e  m an ip u la t ion  o f  th e  f i l t e r  by reducing  
a d h e s io n s .  Once in  p l a c e  a i r  was removed and the  wound was c l o s e d  
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F i l t e r s  were then mounted in DPX on g l a s s  s l i d e s  under c o v e r s l i p s ;
The inflammatory resp on se  was a s s e s s e d  by count ing  th e  c e l l s  in  
1 0 -2 0  randomly s e l e c t e d  o i l  immersion f i e l d s .
POLYCLONAL ACTIVATORS
Two p o l y c l o n a l  a c t i v a t o r s  were used;  Phytohaemagglut in in  
(PHA, Wel lcome) ,  and Pokeweed mitogen (PWM, Gibco ,  Europe).
PHA i s  p r im a r i ly  a T - c e l l  s t im u la to r ;  P/VM w i l l  s t im u l a t e  both  
T and B lymphocytes and i t  t r i g g e r s  IgM s y n t h e s i s  and s e c r e t i o n  in  
mouse B lymphocytes .  The q u a n t i t i e s  o f  mitogens  employed i n  th e  
as s a y s  were determined by a dose  resp on se  experiment ( s e e  F i g u r e  3 4 ,  ^5)
MITOGEN STIMULATION ASSAY (MACROCULTURE S YSTBA)
S usp ens ions  o f  s p l e e n  c e l l s  and m e s e n te r i c  lymph node c e l l s  
were prepared as fo r  l a b e l l i n g  ( s e e  M a te r ia l s  and Methods s e c t i o n  1) 
ex c e p t  t h a t  heparin was omit ted  from th e  supplemented RPMI 1640.
C ul tu re  tubes  were s e t  up in  s e x t u p l e t  for  each c e l l  p o p u la t io n  w i th  
c e l l s  suspended at  10^ /m l  i n  2ml o f  medium c o n ta in in g  PHA or PWM 
a t  th e  required  c o n c e n t r a t i o n .  The tubes  which had been gassed  w i th  
2% 00^ p r io r  to  th e  a d d i t io n  o f  th e  c e l l s ,  were incubated  at
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37 -  0*5^C in  a shaking water b a th .  Forty  e i g h t  hours a f t e r  th e
125
s t a r t  o f  in cu b a t io n  5 - [  I] Io d o « 2 ' -d e o x y u r id in e  was added t o  g i v e  
a f i n a l  c o n c e n tr a t i o n  o f  0 . 1  C i /m l .  After  a fu r th e r  24 hours incuba­
t i o n ,  c e l l s  were washed thoroughly  by c e n t r i f u g a t i o n  in  l a b e l  f r e e  
medium# L ab e l l in g  o f  c e l l s  was measured as descr ib ed  in  M ater ia l s  
and Methods s e c t i o n  l ( l ) .  The d egree  o f  s t im u la t io n  i s  g iv e n  as 
an index*
Counts /m inute  s t im u la ted  c e l l s  . .  , ,= s t i m u l a t i o n  m d ex
s t i m u l a t i o n  i n d i c e s  are shown g r a p h i c a l l y  ( s e e  R e s u l t s  1 (2)  ) with
t h e  range of  c o n t r o l  v a l u e s  re p r e se n te d  by d o t ted  l i n e s *
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SECTION 1 (2 )
RESULTS
MACROPHAGE ACTIVITY /  MIGRATION
- .; '/ Having d e a l t  w ith  th e  c o m p l e x i t i e s  o f  the  c e l l  t r a n s f e r  system  
and ga ined  some, but not enough in form at ion  on the  mechanism of  
immunosuppression which o p era tes  during N. dubius i n f e c t i o n s  an 
examination of  macrophage and lymphocyte a c t i v i t y  during i n f e c t i o n  
was undertaken in  order to  determine i f  th e  e f f e c t  o f  N. dubius was 
t o  i n t e r f e r e  w ith  th e  a c t i v i t i e s  of  t h e s e  c e l l  types*
The f i r s t  exper iments  were d es igned  to  a s s e s s  th e  ac id -p h osp h a-  
t a s e  co n te n t  o f  macroohages as an index o f  macrophage a c t i v i t y  and 
used th e  t ech n iq ue  d e s c r ib e d  in  th e  m a t e r i a l s  and methods s e c t io n *  
B e fo r e  apply ing th e  tech n iq u e  to  N. dubius  i n f e c t e d  mice a c i d -  
phosphatase  a c t i v i t y  was measured in  mice which had been i n j e c t e d  
( i / p )  w ith  th e  bacter ium ,  Corvnebacterlum oarvum which i s  known to  
a c t i v a t e  macrophages*
In t h e  f i r s t  experiment 3 male NIH mice (6 weeks
o ld )  were i n j e c t e d  i / p  w i th  0*18ml (0,7mg) of  a su sp en s ion  of  
C* parvum* obta ined  from th e  Department o f  Immunology, U n i v e r s i t y  
o f  Edinburgh* Three days  a f t e r  t h i s  t h e s e  mice p lu s  a group of  
c o n t r o l ,  u n in j e c t e d  mice were k i l l e d  and p e r i t o n e a l  exudate macro­
phages were  h a rves ted  and processed* On examination i t  was imposs­
i b l e  to  d i s t i n g u i s h  ac id -p h osp h ate  a c t i v i t y  from in g e s t e d  b a c te r ia #  
There apoeared to  be more ac id  phosphatase  a c t i v i t y  in  th e  C. oarvum-  
t r e a t e d  group but t h i s  may have been th e  r e s u l t  o f  th e  s t a i n i n g  o f  
th e  bacter ium.  An experiment i d e n t i c a l  t o  t h i s  in which mice were  
k i l l e d  on day 8 a f t e r  i n j e c t i o n  o f  C* oarvum gave a s i m i l a r  r e s u l t  
although th e  d i f f e r e n c e  was not  as marked.
In the  f i n a l  experiment grouos o f  4 mice were t r e a t e d  in  the  
f o l l o w i n g  ways.  The f i r s t  group were each g iv e n  0 . l&rnl (0.7mg)
C> oarvum ( i / p ) ,  the  second group were g iv e n  300 N. dubius and th e  
th i r d  remained as u n i n f e c t e d  c o n t r o l s .  These mice were k i l l e d  on 
day 3 and p e r i t o n e a l  macrophages were harves ted  for  assessment  o f  
a c id -p h o s p h a ta s e  a c t i v i t y .  On t h i s  o c c a s io n  th e  t e s t  was run for  
1 hour and s i x  hours* The l e v e l s  of  ac id -p h o s p h a ta s e  a c t i v i t y  
recorded did not  vary between groups a t  e i t h e r  t ime although the  
a c t i v i t y  was g r e a t e r  at  s i x  hours .  I t  must be emphasised t h a t  th e s e  
were  not q u a n t i t a t i v e  a s s e s s m e n t s ,  s i n c e  th e  amount of  a c t i v i t y  in  
each c e l l  was too  g r e a t  to  be counted a c c u r a t e l y .  Although t h i s  
method has some advantages over o ther  tech n iq u es  o f  measuring enz­
yme a c t i v i t y  in  macrophages,  i t  was not  p o s s i b l e  u s in g  i t  to  quant­
i f y  d i f f e r e n c e s  d e s p i t e  th e  o p t i m i s t i c  comments of  th e  authors  who 
d e s c r ib e d  the  t e c h n iq u e .
The second attempt to  measure macrophage a c t i v i t y  employed th e  
macrophage inflammation t e s t .  Although t h i s  t e s t  measures numbers 
of  macrophages on a n i t r o - c e l l u l o s e  f i l t e r  ra th er  than th e  enz'^me 
a c t i v i t y  in  i n d iv i d u a l  macrophages i t  would seem not  unreasonable  
to  assume th a t  a macrophage which i s  'a c t i v a t e d *  or ' s t im u la te d *
( s e e  In tr od u ct ion  to  t h i s  s e c t i o n )  w i l l  in f a c t  be more m o t i l e  and 
more r e s p o n s i v e  to  s t i m u l i .  The r e s u l t s  are in t e r p r e t e d  to  a l low  for  
t h i s  l i m i t a t i o n .
In t h e  f i r s t  experiment (Experiment 18) n i t r o - c e l l u l o s e  f i l t e r s  
were implanted in to  2 4 ,  6 week old NIH mice .  Immediately b e fo r e  
im p la n ta t io n  12 of  t h e s e  mice were i n f e c t e d  with  300 N. d u b iu s . A 
c a r e f u l  note  was taken o f  th e  t ime o f  im p lan ta t ion  t o  a l low mice  to  
be k i l l e d  at th e  s p e c i f i e d  t im e s .  Animals were k i l l e d  2 /group a t  
2 4 ,  4 8 ,  7 2 ,  96 and 2 l 6  hours a f t e r  im p la n ta t io n ,  th e  f i l t e r s  were
F a c in g  psoe  8 9
FIGURE 29  
Inflammation t e s t
Accumulation of  macrophages on s / c  implanted f i l t e r s  
at  2 4 ,  4 8 ,  72 and 96 hours .
(number /  /  f i e l d  -  SD)
0  N, dubius i n f e c t e d  mice  
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removed, prepared and counted as d escr ib ed  (M a ter ia l s  and Mehtods)* 
The r e s u l t s  are shown in  Figure  29*
By 24 hours macrophages had begun to  accumulate on th e  f i l t e r s .  
There .were  a few oth er  c e l l  t y p e s  p r e s e n t  on th e  f i l t e r  at  t h i s  
t ime n o tab ly  e o s i n o p h i l s  and a number o f  n e u t r o p h i l s .  These c e l l  
ty p e s  5. u s u a l l y  the  c e l l  t y p e s  a s s o c i a t e d  with  acute  inflammatory  
re s p o n se s  had d isappeared from t h e  f i l t e r s  by 48 hours pos t  im p lan t ­
a t i o n  and at  t h i s  t im e th e  number o f  macrophages on t h e  f i l t e r s  had 
in c r e a s e d .  The in c r e a s e  in  numbers cont inued  and a comple te  mono­
la y e r  o f  macrophages was formed by 72 hours .  By 96 hours Fore ign  
body and Langhans Giant  c e l l s  were v i s i b l e  and i t  became im p o s s ib le  
t o  make an a ccu ra te  count o f  th e  numbers o f  c e l l s  p r e s e n t  on th e  
f i l t e r .  These e p i t h e l i o i d  c e l l  t y p e s  (so  c a l l e d  because they  resem­
b l e  e p i t h e l i a l  c e l l s )  show a la r g e  i n c r e a s e  in  the  amount o f  c y t o ­
plasm they  p o s s e s s ,  and are not a c t i v e l y  p h a g o c y t ic .  They are m u l t i -  
n u c l e a t e  c e l l s  which are formed by th e  fu s io n  o f  i n d i v i d u a l  macro­
phages .  When th e  c e l l s  on th e  f i l t e r  had reached t h i s  s t a g e  cou n t in g  
was s topped.
As fa r  as th e  c e l l s  on th e  f i l t e r s  in  N. dubius i n f e c t e d  mice  
were concerned the  i n i t i a l  24 hour count was i d e n t i c a l  t o  th a t  o f  th e  
c o n t r o l  group. At 48 hours th e  numbers o f  c e l l s  had in c r e a se d  but  
not to  th e  same e x t e n t  as on f i l t e r s  from th e  c o n t r o l  group and t h i s  
p a t t e r n  was repeated  a t  72 hours .  From t h e  r e s u l t s  i t  seems t h a t  
th e  r a t e  o f  accumulation of  th e  c e l l s  on t h e  f i l t e r s  in  N. dubius  
i n f e c t e d  mice  was s lo w e r ,  but again by 96 hours Giant c e l l  formation  
had s t a r t e d  so i t  would appear t h a t  th e  macrophage re s p o n se s  were  
s i m i l a r  in  both groups over t h i s  e a r l y  p er iod  o f  i n f e c t i o n .
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The f i r s t  experiment (Experiment 18) provided  th e  b a s i c  in forma­
t i o n  t h a t  was needed b e f o r e  u s in g  th e  f i l t e r s  in  a l a r g e r  exper imenta l  
programme. In th e  n ex t  experiment (Experiment 19) f i l t e r s  were imp­
la n te d  for  72 hour p e r i o d s  in  both c o n t r o l  and in  i n f e c t e d  m ice .
On day 0 ,  28 male NIH mice  were I n fe c t e d  with  300 N. dubius and s i x  
were l e f t  u n i n f e c t e d  as c o n t r o l s .
On each day o f  i n f e c t i o n  two mice had f i l t e r s  im planted .  Cont­
r o l  mice (2 /group)  had f i l t e r s  implanted on days 0 ,  7 and 13. All  
f i l t e r s  were removed 72 hours l a t e r .  The r e s u l t s  are shown in  
F igure  30 .  Macrophage cou n ts  are p l o t t e d  a g a in s t  th e  day o f  f i l t e r  
im p la n ta t io n .  There was some v a r i a t i o n  in  th e  macrophage counts  
obta ined  in  t h i s  experiment but on t h e  whole th e  counts  from i n f e c t e d  
mice d i s t r i b u t e d  th em s e lv es  ev e n ly  around th e  mean v a lu e s  obta ined  
from th e  c o n t r o l  ( u n i n f e c t e d )  mice  on days 0 ,  7 and 13. The v a l u e s  
obta in ed  for  c o n t r o l  and i n f e c t e d  macrophage numbers were not as 
high as th o se  obta ined  in  t h e  p rev io u s  exper iment .  The c o n c l u s i o n  
from t h i s  experiment must be t h a t  t h e r e  i s  no d i f f e r e n c e  in  the  
macrophage resp on se  to  f i l t e r s  in  c o n t r o l  and i n f e c t e d  an imals .
T h i s  experiment was rep eated  with  c o n t r o l s  and i n f e c t e d  mice  
both having f i l t e r s  implanted,  on days 0 ,  2 ,  4 ,  6 ,  8 ,  12 ,  14 and l 6 .  
Mice were 6 - 8  week old  NIK and were k i l l e d  in  grouos o f  2 .  F i l t e r s  
were l e f t  in  s i t u  for  a 72 hour p e r i o d .  The r e s u l t s  are shown in  
Figure  31 (Experiment 2 0 ) .
On t h i s  o c c a s io n  macrophage numbers were very  h igh e a r l y  in  the  
experiment in both i n f e c t e d  and c o n t r o l  an im als .  The numbers dropped 
as th e  experiment cont in u ed  but no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r ­
en ces  were ever ob served .
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FIGURE 30 
Inflammation t e s t
Accumulation o f  macrophages on s / c  implanted f i l t e r s  
at  72 hours (number /  / f i e l d  -  SD)
F i l t e r s  implanted at  v a r io u s  t im es  a f t e r  i n f e c t i o n  with  
N, dubius  and r e s u l t s  p l o t t e d  a g a in s t  the day o f  f i l t e r  
im p la n ta t io n
® N. dubius i n f e c t e d  mice  
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FIGURE 31 
Inflammation t e s t
Accumulation o f  macrophages on s / c  implanted f i l t e r s  
at  72 hours ( number /  / f i e l d  -  SD)
F i l t e r s  implanted at  v a r i o u s  t im es  a f t e r  i n f e c t i o n  w ith  
N. dubiu s  and r e s u l t s  p l o t t e d  a g a in s t  the  day o f  f i l t e r  
im p la n ta t io n
0  N. dubius i n f e c t e d  mice  
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S i n c e  the  only  d i f f e r e n c e  d e t e c t e d  in  a l l  th e  exper iments  u s in g  
t h e  f i l t e r s  was a s l i g h t  d i f f e r e n c e  in  the  r a t e  o f  accumulation  of  
c e l l s  on th e  f i l t e r s  in  th e  f i r s t  experiment o f  th e  s e r i e s  (Experim­
ent  1 8 ) ,  i t  was dec ided  to  examine the  r a t e  o f  accumulation w i t h in  
t h e  f i r s t  24 hours o f  i n f e c t i o n ,  s i n c e  th e  e a r ly  accumulation  may 
be t h e  c r i t i c a l  s t e p  in  th e  p rocess  o f  inf lammation and may be more 
s u s c e p t i b l e  to  th e  i n t e r f e r e n c e  o f  N. d u b iu s *
Ten mice were i n f e c t e d  with  300 N. dubius and immediate ly  a f t e r ­
wards t h e s e ,  p lu s  ten  u n in f e c t e d  mice had f i l t e r s  im planted.  F i l t e r s  
were removed for  f i x i n g ,  s t a i n i n g  and count ing  6 ,  12 ,  16 ,  20  and 24 
hours a f t e r  im p la n ta t io n .  The r e s u l t s  for  t h i s  experiment (Experim­
ent  21)  are shown in  F igure  32.
The number of  polymorphs on th e  f i l t e r s  was very  high even a f t e r  
on ly  6 hours im p la n ta t io n  but then dropoed s t e a d i l y  over th e  next  
e i g h t e e n  hours to  reach low l e v e l s  in  c o n t r o l  and i n f e c t e d  m ice .
The macrophages fo l low ed  t h e  o p p o s i t e  p a t t e r n .  Only 1 or 2 macrophages  
were p r e s e n t  in  any f i e l d  e a r l y  in th e  resp on se  ( s e e  F igure  3 2 ,  6 and 
12 h o u r s ) .  A fter  t w e lv e  hours th e  numbers o f  macrophages began to  
in c r e a s e  reaching  about 5 0 / f i e l d  in  both c o n t r o l  and i n f e c t e d  animals  
by 24 hours .
To complement th e  p r e v io u s  experiment a study o f  t h e  s i x  hour 
resp on se  at  v a r i o u s  t im es  during i n f e c t i o n  was a l s o  completed.
Eighteen male mice were i n f e c t e d  w i th  300 N. dubius and 18 were r e t ­
ained as u n in f e c t e d  c o n t r o l s .  Two mice from each group had f i l t e r s  
implanted  on days 0 ,  2 ,  4 ,  6 ,  8 ,  10,  12 ,  14 and l6  o f  i n f e c t i o n  and 
t h e s e  f i l t e r s  were removed s i x  hours a f t e r  im p la n ta t io n .  The r e s u l t s  
are  shown in  Figure 33 (Experiment 2 2 ) .
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FIGURE 32
Inflammation t e s t
Accumulation o f  macrophages and polymorphs on s / c  implanted  
f i l t e r s  at  6 ,  12,  16 ,  20 and 24 hours 
(number /  / f i e l d  or number p o ly m o r p h s / f i e l d )
(SD not shown fo r  c l a r i t y ) .
O a  N. dubius i n f e c t e d  mice
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FIGURE 33 
Inflammation t e s t
Accumulation o f  macrophages and polymorphs on s / c  implanted  
f i l t e r s  at  6 hours
(numbers /  / f i e l d  or number p o ly m o r p h s / f i e l d )
(SD not shown for c l a r i t y ) .
F i l t e r s  implanted at  v a r io u s  t im es  a f t e r  i n f e c t i o n  w i th  
N. dubius and r e s u l t s  p l o t t e d  a g a in s t  the day o f  f i l t e r  
im p la n ta t io n
C N, dubius i n f e c t e d  mice .
O C o n t r o l ,  u n in f e c t e d  mice
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As W3S shown in t h e  p rev io u s  experiment (Experiment 21) the  
macrophage response  at  6 hours was very  low. This was c o n s i s t e n t  
for  both c o n t r o l  and i n f e c t e d  mice throughout the  exper iment.  The 
e a r l y  c e l l  i n f i l t r a t i o n  i s  dominated by polymorphonuclear l e u k o c y t e s ,  
predominantly  n e u t r o p h i l s  and e o s i n o p h i l s  but w ith  a few t i s s u e  mast  
c e l l s .  There was a l s o  e v i d e n c e ,  at  t h i s  s t a g e ,  for  a good d e a l  o f  
f i b r o b l a s t  a c t i v i t y  p a r t i c u l a r l y  towards t h e  edges o f  t h e  f i l t e r s .
One problem w ith  f i l t e r s  taken  at t h i s  e a r l y  s t a g e  a f t e r  im p la n ta t io n  
i s  t h a t  th e  c e l l  t y p e s  on th e  f i l t e r  are  l e s s  adherent  and tend to  
s t r i p  o f f  in s h e e t s ,  f o l d i n g  back on th em se lves  to  g i v e  a m u l t i l a y ­
ered e f f e c t .  Extreme c a r e  i s  requ ired  when removing and p r o c e s s in g  
t h e s e  f i l t e r s .  As a r e s u l t  th e  counts  in t h i s  6 hour respon se  
experiment are based on 10 o i l  immersion f i e l d s  ra ther  than th e  
u sua l  20 ,  The important p o i n t  in  t h i s  experiment i s  t h a t  numbers 
o f  macrophages in i n f e c t e d  and c o n t r o l  animals were s i m i l a r  through­
out th e  whole per iod  o f  th e  exper iment.  The polymorph numbers were 
e s s e n t i a l l y  th e  same in  both groups except  for  th e  f i r s t  6 days  when 
t h e r e  was an in cr ea se d  number in  i n f e c t e d  animals .  This d i f f e r e n c e  
was not m ainta ined .
One other  tech n iq u e  t o  a s s e s s  macrophage a c t i v i t y  was attempted.  
T his  was a c y t o x i c i t y  t e s t  in  which macrophages ( p e r i t o n e a l  exudate)  
were c u l tu r e d  with  l a b e l l e d  tumour c e l l s  (Bl6 Melanoma) but the  
r e s u l t s  were h ig h ly  v a r i a b l e  in  two p re l im in a r y  exper iments  and as 
a r e s u l t  th e  t e s t  was abandoned.
LYMPHOCYTE RESPONSIVENESS
PHA AND P//M STIMULATION
B e fo r e  u s in g  t h e s e  t e s t s  to  measure lymphocyte r e s p o n s i v e n e s s  
an experiment to  d e term ine  th e  d ose  resp on se  curve was completed .
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The r e s u l t s  are shown for  PHA in  F igure  34 and for  PV^'M in  F igure  35 .
The r e s u l t s  for  RVM were unexpected in t h a t  d e s p i t e  th e  range of  
d oses  used th e  resp on se  was a l i n e a r  p la t e a u  ra th er  than a smooth 
cu r v e .  Ei ther t h i s  was th e  peak s t i m u l a t i o n  v a lu e  p o s s i b l e  in  our
system or th e  amount o f  s t i m u l a t i o n  requ ired  to  o b ta in  peak v a lu e s
.1
was not  p r e s e n t ,  PA'M was not  in c lud ed  in  l a t e r  exper im ents ,  PHA 
on t h e  o ther  hand gave a c l e a r  resp onse  curve  and in  l a t e r  e x p e r i ­
ments a dose o f  l .O^g/ml o f  c u l t u r e  medium was employed.  During the  
c o u r s e  o f  th e  mitogen experiments  t h e  s c i n t i l l a t i o n  counter  was read ­
j u s t e d  and as a r e s u l t  th e  rea d in g s  were g r e a t l y  i n c r e a s e d .  In order  
to  p r e s e n t  uniform r e s u l t s  t h e r e f o r e ,  a s t i m u l a t i o n  index i s  g ive n  
i n  p l a c e  o f  an a b s o lu t e  cou n t .
In t h e  f i r s t  experiment  (Experiment 23)  MLKC and SC were taken  
from male NIH mice which had been i n f e c t e d  with  300 N. dubius 4 , 8  
and 12 days p r e v i o u s l y .  C e l l s  from c o n t r o l ,  u n in f e c t e d  animals  were  
a l s o  t e s t e d .  Background i s o t o p e  in c o r p o r a t io n  l e v e l s  were determined  
by c u l t u r i n g  c e l l s  in th e  absence  o f  m itogen .  The r e s u l t s  are shown 
in  F igure  36,  The d o t t e d  l i n e s  r e p r e s e n t  th e  range o f  c o n t r o l  va lu es*  
S p le e n  c e l l s  were t e s t e d  o n ly  on day 4 of  i n f e c t i o n .
The s t i m u l a t i o n  i n d i c e s  shown are lower than t h o s e  obta ined  
w h i l s t  determ ining  th e  d o s e - r e s p o n s e  cu r v e ,  however,  such v a r i a b i l i t y  
must be expected  in  a system such as t h i s .  The r e s u l t s  show t h a t  
on day 8 o f  i n f e c t i o n  t h e  MLNC from N, dubius i n f e c t e d  mice  f a i l e d  
t o  respond t o  PHA s t i m u l a t i o n  and in  f a c t  in  terms o f  a b s o lu t e  counts  
had lower i s o t o p e  in c o r p o r a t i o n  than t h e i r  u n st im u la ted  c o n t r o l s .
C e l l s  on days 4 and 12 responded to  PHA and gave i n d i c e s  o f  6 - 9 ,
Two more experiments  in  which r e s p o n s i v e n e s s  was a s s e s s e d  on 
days 16 ,  20  and 25 (Experiment 25)  of  i n f e c t i o n  were c a r r i e d  o u t .
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FIGURE 34
Mitogen s t i m u l a t i o n  o f  MLNC
S t i m u l a t i o n  index  at  0 ,  0 . 5 ,  1 , 0  and 2 , 5  pg PHA/ml,
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FIGURE 35
Mitogen s t im u l a t i o n  o f  MLNC
S t im u l a t i o n  index at  0 ,  0 . 5 ,  1 . 0 ,  2 . 5 ,  5 . 0  
and 10 p i  PiVM/ml
0 10 3 0 5-0 100
mitogen concentration (pi/ml)
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F IGURE 36
Mitogen s t im u l a t i o n  o f  MLNC and SC 
( ipg  PHA/ml c u l t u r e )
S t im u l a t i o n  index on days 4 ,  8 and 12 o f  N. dubius  
i n f e c t i o n .
C o n t r o l ,  u n in fe c t e d  mice










C e l l s  from u n in f e c t e d  mice were t e s t e d  on both t h e s e  days and s p le e n  
c e l l s  with  u n st im u la ted  c o n t r o l s  were t e s t e d  on days l6  and 40  o n ly .  
I n f e c t e d  mice were g iv e n  300 N, d u b iu s . The r e s u l t s  are shown in  
F ig ur es  37 and 38.  MLNC from i n f e c t e d  mice did not respond as w e l l  
as did  MLNC from u n i n f e c t e d  mice a t  any o f  the  t im es  shown in  t h e s e  
two f i g u r e s .  The SC r e s p o n s i v e n e s s  was not as good as t h a t  o f  MLNC 
on days 4 (Figure 3 6 ) ,  16 (F igure  37) and 40 (Figure  38)  and showed 
a low l e v e l  o f  s t i m u l a t i o n  throughout .  The reason  for  t h i s  may be 
t h a t  t h e  PHA dose resp on se  curve  was determined u s in g  MLNC and not  
SC which may have d i f f e r e n t  req u irem en ts ,  p a r t i c u l a r l y  w i th  regard  
to  mitogen  c o n c e n t r a t i o n ,  for  good s t i m u l a t i o n .  The r e s u l t s  so fa r  
have in d i c a t e d  t h a t  th e  major change in  MLNC r e a c t i v i t y  to  m i to g e n ic  
s t i m u l a t i o n  by PHA occurs  at  day 8 o f  i n f e c t i o n  although  r e s p o n s i v e ­
n ess  was depressed  throughout  th e  f i r s t  40  days in i n f e c t e d  an imals .
To comple te  t h i s  s e c t i o n  on mitogen  r e s p o n s i v e n e s s  an experiment  
in v o l v i n g  concurrent  N. dubius  and T. s p i r a l i s  i n f e c t i o n s  was s e t  up.
In t h i s  experiment groups o f  6 NIH mice  were i n f e c t e d  w i th  N. dubius  
and/or  T. s o l r a l i s  w i th  another group r e ta i n e d  as u n in f e c t e d  c o n t r o l s .
A mitogen assay  was s e t  up u s in g  th e  day 8 MLNC from t h e s e  groups  
as shown below:
A 300 N. dubius  MLNC (day 8)
B 300 T. s p i r a l i s  MLNC (day 8)
C 300 N. dubius  MLNC (day 8) -x 300 T. s o i r a l i s  MLNC (day 8)
concurrent  i n f e c t i o n .
D 300 N. -dubius MLNC (day 8) + 300 T. s o i r a l i s  MLNC (day 8)
mixed c e l l s .  '
E Control  c e l l s  from u n in f e c t e d  mice .
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FIGURE 37
Mitogen s t i m u l a t i o n  o f  MLNC and SC 
( ip g  PHA/ml c u l t u r e )
S t i m u l a t i o n  index on days  16 ,  20 and 25 o f  N, dubius  
i n f e c t i o n
C o n t r o l ,  u n in f e c t e d  mice
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FIGURE 38
Mitogen s t i m u l a t i o n  o f  MLNC and SC 
( ip g  PHA/ml c u l t u r e )
S t i m u l a t i o n  index  on days 30 ,  35 and 40 o f  N. dubius  
i n f e c t i o n
C o n t r o l ,  u n in fe c t e d  mice
Error bars rep re se n t  range o f  c o n t r o l  v a lu e s
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FIGURE 39
Mitogen s t im u la t io n  o f  MLNC 
( ipg  PHA/ml c u l t u r e )
S t im u l a t i o n  index  
GROUP
A 300 N. dubius MLNC (day 8)
B 300 T» s o i r a l i s  MLNC (day 8)
C 300 N. dubius  MLNC (day 8)  x 300 T» s o i r a l i s
MLNC (day 8)  concurrent  i n f e c t i o n  
D 300 Nc dubius MLNC (day 8)  4- 300 T. s o i r a l i s
MLNC (day 8) mixed c e l l s  
E Contro l  c e l l s  from u n in fe c t e d  mice

















Unst im ulated MLNC were aga in  used as background i s o t o p e  in co r p o r a ­
t i o n  c o n t r o l s .  The o b j e c t  o f  in c l u d i n g  th e  mixed c e l l s  group (Group 
D ) ,  was t o  determine i f  th e  c e l l s  from N. dubius i n f e c t e d  mice  had 
any e f f e c t  on th e  r e s p o n s i v e n e s s  o f  c e l l s  from T> s p i r a l i s  i n f e c t e d
m ic e . ;  The r e s u l t s  (Experiment 26) are shown in  Figure  39 .  Respon-
. . . . . . .  , .
s i v e n e s s  in  terms o f  s t i m u l a t i o n  i n d i c e s  was down in th e  N. dubius  
and T> s o i r a l i s  s i n g l e  i n f e c t i o n s  and in th e  N. dubius /  T. s o i r a l i s  
concu rrent  i n f e c t i o n ,  r e l a t i v e  t o  c o n t r o l  c e l l s .  An unexpected  
r e s u l t  was obtained from th e  mixed c e l l s  which gave c o n t r o l  s t i m u l a ­
t i o n  l e v e l s  even though t h e  separated  c e l l s  were p oor ly  r e s p o n s i v e .
'IN VIVO’ BLASTOGENESIS
T h is  s e c t i o n  o f  t h e  work was c a r r i e d  out in  c o n ju n c t io n  w ith
th e  ' in  v i t r o * mitogen s t i m u l a t i o n  a s sa y .  The f i r s t  part  o f  th e  work
in v o lv e d  count ing  th e  number o f  c e l l s  o r e s e n t  in th e  iMLN o f  i n f e c t e d
and c o n t r o l  animals and a s s e s s i n g  the  r e l a t i v e  numbers o f  T and B
c e l l s  which were p r e s e n t .  The second part  examined th e  in  v i v o  c e l l
d i v i s i o n  in t h e  MLN, PP, s p l e e n ,  sm al l  i n t e s t i n e  and a x i l l a r y  lymph
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node measured by the  l e v e l  o f  I-Udr in c o r p o a t io n  in  th e  f i r s t  
two hours a f t e r  i n j e c t i o n .
For the  c e l l  co u n ts  and T and B p r o p o r t io n s  in  the  MLN, 36 male  
NIH mice were i n f e c t e d  w ith  300 N. dubius and 36 were r e ta in e d  as 
u n i n f e c t e d  c o n t r o l s .  On days  4 ,  8 ,  12 ,  l 6 ,  2 0 ,  2 5 ,  3 0 ,  35 and 40  
four u n in f e c t e d  mice  were k i l l e d  and th e  MLN processed  i n d i v i d u a l l y .  
C e l l  cou n ts  and MLN w e ig h t s  (means o f  4 )  are shown in  F igure  40  
(Experiment 2 7 ) .  The p r o p o r t io n s  o f  T;B c e l l s  remained c o n s i s t e n t  
throughout  th e  experiment and are not i l l u s t r a t e d .  MLNC numbers 
were low e a r l y  in  i n f e c t i o n  and rose  s t e a d i l y  t o  remain at h igh  l e v e l s .  
At t h i s  e a r l y  s t a g e  o f  i n f e c t i o n  th e  l a r v a l  s ta g e  of  th e  p a r a s i t e  i s  
s i t u a t e d  in  th e  m u s c u la r i s  externa  and th e  low number o f  c e l l s  in
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F IGURE 40
Numbers o f  c e l l s  and w e igh t  of  t h e  m e s en ter i c  lymph 
node a t  v a r io u s  t im es  a f t e r  N. dubius i n f e c t i o n
CS> B N. dubius i n f e c t e d  mice
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FIGURE 41
Weight o f  the  sp le e n  at  v a r io u s  t imes  a f t e r  N. dubius  
i n f e c t i o n
0  N. dubius i n f e c t e d  mice  
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th e  MLN may have been due to  a movement o f  c e l l s  from th e  node to  
t h e  t i s s u e  surrounding t h e  p a r a s i t e .  In some o f  th e  e a r l y  c e l l  
t r a n s f e r  experiments  recorded  e a r l i e r ,  c e l l  donors i n f e c t e d  w i th  
N. dubius  a l s o  on o c c a s io n  gave very  low c e l l  r e c o v e r i e s .  Sp leen  
w e ig h t s  are shown in  F igure  41 (Experiment 2 7 ) .  An i n c r e a s e  in  
s p le e n  s i z e ,  r e f l e c t e d  in  th e  w e ig h ts  i s  apparent in  th e  i n f e c t e d  
mice s t a r t i n g  on day 4 .  Those rose  to  a peak l e v e l  by day 8 and 
remained above c o n t r o l  l e v e l s .
'IN VIVO' LABELLING
T h ir ty  s i x  male NIH mice were i n f e c t e d  w i th  300 N. dubius on 
day 0 and t h e s e  p lu s  36 u n i n f e c t e d  age matched c o n t r o l s  were k i l l e d
on days 4 ,  8 ,  12,  16 ,  2 0 ,  2 5 ,  3 0 ,  35 and 4 0 ,  2 hours a f t e r  i n j e c t i o n
125w ith  ' I-Udr.  Organs and t i s s u e s  were removed, counted and d r ied  
b e fo r e  w e igh in g .  R e s u l t s  (Experiment 28)  are expressed  as Tota l  
count per organ and as count per mg. dry weight  o f  organ ( s e e  F igures  
42 and 4 3 ) ,  Counts for th e  a x i l l a r y  lymph node are excluded as t h e s e  
were never  above background c o u n ts .  The counts  for  th e  other  organs  
remained b a s i c a l l y  th e  same in  both c o n t r o l  and i n f e c t e d  animals with  
th e  ex ce p t io n  of  th e  s p le e n .  The t o t a l  organ counts  for th e  s p le e n  
s t a r t e d  to d iv e r g e  on day 8 in  t h e  i n f e c t e d  mice .  The counts  rose  
u n t i l  day 12 ,  f e l l  s l i g h t l y  on day l6  and remained at a r a i s e d  l e v e l ,  
approxim ate ly  double c o n t r o l  v a lu e  u n t i l  t h e  end o f  t h e  exper iment .
On an a c t i v i t y / m g .  dry w e igh t  b a s i s  i t  was im p o s s ib le  to  p ick  up 
d i f f e r e n c e s  in  any o f  th e  organs ,
EXCRETORY-SECRETORY,PRODUCTS AND LYMPHOCYTE VIABILITY
This s e c t i o n  has examined th e  immunosuporessive e f f e c t  o f  
N. dubius  in  t h e  mouse but has not  examined the  ways in  which th e  
p a r a s i t e  ca u ses  t h i s  e f f e c t .  One p o s s i b i l i t y  i s  t h a t  th e  p a r a s i t e  
produces  an ES product which has a d i r e c t  e f f e c t  on mouse lymphoid
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FIGURE 42
'In  v i v o '  l a b e l l i n g
T o ta l  cou n ts /organ  ( i n d i v i d u a l  samples p l o t t e d )
1252 hours a f t e r  i n j e c t i o n  w i th  I-Udr a t  v a r i o u s  t im es  
during N. dubius i n f e c t i o n
O  N. dubius i n f e c t e d  mice  
O C o n t r o l ,  u n in f e c t e d  mice
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FIGURE 43
' In v i v o '  l a b e l l i n g
Counts/mg dry w e ight  organ ( i n d i v i d u a l  samples p l o t t e d )
1252 hours a f t e r  i n j e c t i o n  with  I-Udr at  v a r i o u s  t imes  
during N. dubius i n f e c t i o n
® N. dub ius  i n f e c t e d  mice  
O C o n tr o l ,  u n in f e c t e d  mice
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c e l l s *  To examine t h i s  K  products  o f  N. dubius ad u lt  worms were 
c o l l e c t e d  and con cen tra ted  (xlO) u s in g  an Amicon F i l t r a t i o n  appara­
t u s  ( c u t  o f f  p o in t  m.w* 1 0 , 0 0 0 ) ,  The concentrated  S  products  were  
added to  MLNC c u l t u r e s ,  c o n t r o l  c u l t u r e s  be ing g ive n  an e q u iv a le n t  
volume o f  medium 199,  and c e l l  v i a b i l i t y  was a s s e s s e d  at i n t e r v a l s  
over the  fo l l o w i n g  2 hours .  The r e s u l t s ,  two experiments combined 
are shown in F igure  4 4 ,  Experiment 29 .  There was no ev idence  o f  
a d i r e c t  c y t o t o x i c  e f f e c t  o f  N, dubius ES products on mouse MLNC. 
Although t h i s  i s  perhaps not th e  most e f f e c t i v e  way of  measuring such  
e f f e c t s ,  th e  c o n c e n tr a t i o n  used in  t h e s e  experiments  was much higher  
than would ever be exper ienced  by MLNC ' in  v i v o *.
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FIGURE 44
E f f e c t  o f  N. dubius S - p r o d u c t s  (con cen tra ted  x lO) 










The r e s u l t s  p r e s e n te d  in  S e c t i o n s  l ( l )  and l ( 2 )  have shown 
t h a t  N, dubius has a marked s u p p r e s s iv e  e f f e c t  on th e  immune r e s p ­
o n s i v e n e s s  o f  mice .  The f i r s t  two experiments  confirmed th e  work 
o f  Behnke et  a l , ( l9 7 S )  t h a t  the  immune e x p u ls io n  o f  T, s p i r a l i s  
from NIH mice i s  de layed  during  concurrent  i n f e c t i o n  w ith  N, d u b iu s .
I t  was not mere ly  th e  e x p r e s s io n  o f  immunity t o  T. s o i r a l i s  which  
vjas impaired as th e  a b i l i t y  t o  t r a n s f e r  immunity t o  T. s o i r a l i s  from 
doubly  i n f e c t e d  mice (N. dubius p lu s  T. s o i r a l i s ) t o  na ive  r e c i p i e n t s  
was a l s o  impaired.  In th e  m a jo r i ty  o f  exper iments  reported  here  
t r a n s f e r  o f  day 8 MLNC from doubly,  i n f e c t e d  mice f a i l e d  to  t r a n s f e r  
immunity whereas MLNC from s i n g l y  i n f e c t e d  donors (T. s o i r a l i s  on ly )  
were u s u a l l y  s u c c e s s f u l  in  cau s in g  a s i g n i f i c a n t  red u ct io n  in  mean 
worm recovery  in  r e c i p i e n t s *  Two exper iments  in  which MLNC were taken  
from mice on day 20 of  a double i n f e c t i o n  a l s o  f a i l e d  to  t r a n s f e r  
immunity but c e l l s  from T. s o i r a l i s  i n f e c t e d  mice were a l s o  u n s u c c e s s f u l  
at  t h i s  t im e .
The i n h i b i t o r y  e f f e c t s  o f  N. dubius a l s o  operated  a g a i n s t  the  
e x p r e s s io n  of  immunity by competent c e l l s .  Transfer  o f  c e l l s  from 
s i n g l y  i n f e c t e d  mice (T, s p i r a l i s ) t o  mice harbouring a N. dubius  
i n f e c t i o n  did not r e s u l t  in an a c c e l e r a t e d  on se t  o f  e l i m i n a t i o n  o f  
T. s o i r a l i s  from t h e s e  an im als .  There was no ev idence  t h a t  t h e s e  
c e l l s  had any e f f e c t  ( i n  terms o f  e x p u l s io n )  on T. s o i r a l i s  even 12 
days a f t e r  t ra n s fer*
Tv/o exper iments  d es ign ed  to  a s s e s s  whether or not N, dubius caused  
s u p p r e ss io n  by favou r ing  th e  p roduct ion  or a c t i o n  o f  suppressor  c e l l s  
provided  equ ivoca l  r e s u l t s *
115 .
Removal o f  N, dubius  from doubly i n f e c t e d  mice  had no e f f e c t  on 
t h e  e x p u ls io n  of  T. s o i r a l i s  which s t i l l  fo l low ed  th e  de layed  t ime  
cou rse  p a t t e r n .  However when immune MLNC were g ive n  to doubly i n f e c t e d  
mice th e  c e l l s  did have some e f f e c t  on T. s o i r a l i s  when M. dubius had 
been removed s u g g e s t i n g  t h a t  su pp ress ion  r e q u ir e s  th e  p resen ce  o f  the  
p a r a s i t e .
The e f f e c t  of  N, dubius on th e  a b i l i t y  of  mice to  g e n e r a te  c e l l s  
cap ab le  of  t r a n s f e r r i n g  immunity was shown to  i n v o l v e  both T and B 
c e l l s .  Transfer  o f  day T - c e l l  or B - c e l l  enriched f r a c t i o n s  o f  MLNC 
t r a n s f e r r e d  immunity more e f f e c t i v e l y  than did  unseparate d  MLNC,
However n e i t h e r  o f  t h e s e  f r a c t i o n s  were s u c c e s s f u l  when the  c e l l  r e c ­
i p i e n t s  harboured a p r e - e x i s t i n g  (8 week o ld )  N. dubius i n f e c t i o n .
The e f f e c t s  o f  N. dubius seemed to  be a g a in s t  worm e x p u l s io n .  
Throughout t h e s e  exper iments  N. dubius i n f e c t i o n s  whether in  donors  
or r e c i p i e n t s ,  apoeared not to  i n t e r f e r e  w i th  the  normal e x p r e s s io n  
o f  anti-worm immunity ( i , e ,  reduced f e c u n d i t y  and s i z e )  from t r a n s f e r r e d  
c e l l s .
A number of  exper iments  were c a r r i e d  out in  a ttempts  to  determine  
t h e  e f f e c t  which N. dubius had upon th e  homing o f  i / v  i n j e c t e d  MLNC.
The p a t t e r n  o f  homing v/as s i m i l a r  in  u n in f e c t e d  c o n t r o l s  and in  mice  
i n f e c t e d  w ith  N. dubius fo r  4 ,  8 ,  12 and 16 days .  Enhanced l o c a l i z a t i o n  
o f  c e l l s  occured in  th e  small  i n t e s t i n e  of  mice i n f e c t e d  w i th  T. s o i r a l i s  
but on ly  on day 4 o f  i n f e c t i o n .  Mice i n f e c t e d  w i th  both T. s o i r a l i s  and 
N. dubius did not show t h i s  enhanced l o c a l i z a t i o n  u n t i l  day 12 o f  
i n f e c t i o n .
The a b i l i t y  o f  mice to  mount an inflammatory re sp o n se  t o  a b i o ­
l o g i c a l l y  i n e r t  s t im u lu s  i . e .  a n i t r o - c e l l u l o s e  f i l t e r ,  implanted  
s u b c u ta n e o u s ly ,  was not a f f e c t e d  by the p r e s e n c e  of  N. d u b iu s . An
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attempt to  monitor macrophage a c t i v i t y  by measuring p e r i t o n e a l  
macrophage acid  phosphatase  a c t i v i t y  was u n s u c c e s s f u l .
As a viay o f  a s s e s s i n g  whether or not c e l l s  in the  P e y e r ' s  P a tc h e s ,  
MLN and other  organs were responding to  i n f e c t i o n  mice were i n j e c t e d  
w ith  a r a d i o l a b e l  which i s  in corporated  on ly  by d i v i d i n g  c e l l s .
Although t h e r e  was in c r e a se d  in c o r p o r a t io n  in th e  MLN and s p le e n  t h i s  
was not ev ide nt  when counts  were con s idered  on a w e ig h t  for  w e igh t  
b a s i s .  N. dubius i n f e c t i o n  caused a d e p l e t i o n  o f  th e  c e l l  c o n te n t  o f  
th e  MLN in  th e  ear ly  p art  o f  the  i n f e c t i o n  but c e l l  numbers were  
r e s t o r e d  and e v e n t u a l l y  r o s e  above th o se  of  c o n t r o l s  where they  remained 
for  the  d u ra t ion  o f  th e  i n f e c t i o n .  Th is  i s  in  c o n t r a s t  to  T, s o i r a l i s  
in  NIH mice in  which MLN b l a s t o g e n e s i s  peaks on day 4 of  i n f e c t i o n  
and th e  numbers of  c e l l s  in  the  MLN r i s e s  r a p id ly  between days 4 and 8 
p r io r  to  th e  e l im i n a t i o n  o f  a d u l t  worms from th e  i n t e s t i n e .
Mitogen r e s p o n s i v e n e s s  o f  MLNC from T. s o i r a l i s , N. dubius and 
T, s o i r a l i s  x N. dubius i n f e c t e d  mice was depressed  when compared t o  
t h a t  o f  c o n t r o l  MLNC. When c e l l s  from mice i n f e c t e d  w ith  T. s p i r a l i s  
and N. dubius were mixed c o n t r o l  l e v e l s  of  r e s p o n s i v e n e s s  were r e s t o r e d .
Concentrated  ES products  from N. dubius i n f e c t e d  mice d id  not  
have any lymphocytotoxic  a c t i v i t y .
The e v id e n c e  p res en ted  here and t h a t  from o ther  s t u d i e s  (Chowaniec,  
W escott  and Congdon 1972,  Shimp, Crandal l  and Crandal l  1975,  Jenkins  
and Behnke 1977 ,  Behnke,  Wakelin and Wilson 1978) demonstrate t h a t  
N. dubius  has a marked immunosuppressive e f f e c t  on h o s t  re s p o n se s  to  
n o n - r e l s t e d  a n t ig e n s .  This  e f f e c t  i s  known to  be d ose  dependent  
(Jenkins  and Behnke 1977,  Behnke et  a l . 1978) and may a l s o  be t ime  
d epen d ent ,  as in  exper iments  w i th  double i n f e c t i o n s  of  T. muris and 
N. dubius i t  i s  on ly  when N. dubius i s  g iv e n  w i t h in  a few days o f
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T. muTîs i s  a d e la y  in  ex p u ls io n  e v id e n t  (Jenkins and Behnke 1977 ) ,  
Experiments s u g g e s t  t h a t  i t  i s  th e  s e n s i t i z a t i o n  of  c e l l s  a g a in s t  
T« s o i r a l i s  which i s  th e  p r o c e s s  a f f e c t e d  by N. dubius s i n c e  MLNC 
taken  from mice on day 8 o f  a double i n f e c t i o n  did not t r a n s f e r  
immunity t o  na ive  r e c i o i e n t s #  However th ere  i s  a l s o  e v id e n c e  t h a t  
the e x p r e s s io n  o f  primed c e l l s  i s  a l s o  preven ted .  C e l l s  taken from 
immune..donors i . e .  mice i n f e c t e d  with  T,  s o i r a l i s  on ly  do not t r a n s f e r  
immunity t o  T. s p i r a l i s  when t h e  r e c i p i e n t  mice harbour i n f e c t i o n s  
w ith  N. d u b iu s . Behnke et  a l  ( l 9 7 8 )  have p r e v i o u s l y  s u g g es te d  th a t  
both a f f e r e n t  and e f f e r e n t  components of  th e  immune response  were  
a f f e c t e d  by the  p resen ce  o f  N. dubius and showed t h a t  memory o f  p r io r  
i n f e c t i o n  was ab o l i sh ed  when the  second T. s o i r a l i s  i n f e c t i o n  was 
g ive n  c o n c u r r e n t ly  w i th  N. d u b iu s .
Jenkins  ( l 9 7 7 )  f a i l e d  t o  f in d  any ev idence  for  the  a c t i o n  o f  
an N. dubius induced suppressor  c e l l s  which delayed the  e x p u ls io n  o f  
T. muris from mice .  There i s  no reason to  suppose t h a t  suppressor  
c e l l s  do not have important immunomodulant a c t i v i t y  in  helminth  
i n f e c t i o n s  and indeed they  have been im p l ica ted  in  reduced h o s t  r e s ­
ponses  a g a in s t  A sc ar is  suum in g u i n e a - p ig s  (Khov/ry, Stromberg and 
Sou lsby  1 9 7 7 ) ,  Brugia oahanql in  j i r d s  (P or tar o ,  B r i t t o n  and Ash 1976)  
and S .  mansoni in  r a t s  (Camus, D e s s a i n t ,  F i s c h e r  and Capron 197 9 ) ,
The r e s u l t s  presen ted  here are not so c l e a r .  There was ev idence  from 
one experiment t h a t  MLNC from N. dubius i n f e c t e d  mice d id  i n t e r f e r e  
w it h  MLNC from T. s o i r a l i s  i n f e c t e d  mice when th e  p o p u la t io n s  were  
mixed and g iv e n  to  n a iv e  r e c i p i e n t s  but a r e p l i c a t e  experiment f a i l e d  
t o  g i v e  such co n v in c in g  e v id e n c e .  I f  the  product ion  or a c t i v i t y  of a 
suppressor  c e l l  i s  enhanced by N» dubius i n f e c t i o n  th e  c e l l  may be 
produced or a c t i v e  on ly  during a r e s t r i c t e d  per iod  of  the  i n f e c t i o n .
118
The i d e a l  t i m e ,  as fa r  as N. dubius i s  concerned ,  would be during  
th e  e a r l y  t i s s u e  phase o f  i n f e c t i o n  when th e  p a r a s i t e  i s  most s u s -  
c e t i b l e  to  immune a t t a c k .  T h is  might e x p la in  th e  s u p p r e s s iv e  a c t io n  
of  t h e  l a r v a l  s ta g e  which i s  more p o te n t  than th a t  o f  the  a d u l t  and 
a l s o  ex p la in  why i t  i s  t h a t  th e  r e sp on se s  to  o ther  i n t e s t i n a l  he lm inths  
are  s im ply  delayed ra th er  than co m p le te ly  p revented .  Of course  th e  
p o s s i b i l i t y  th a t  the  e x p u l s io n  t h a t  does take  p la c e  in concurrent  
i n f e c t i o n s  with  o th er  i n t e s t i n a l  he lm inths  i s  due to  a c o m p le te ly  
d i f f e r e n t  mechanism cannot be excluded.
Other p o s s i b l e  mechanisms of  p a r a s i t e  induced su p p re ss io n  which  
may be o p e r a t iv e  in  t h e  N. d u b iu s -mouse s y s t e n  are con s id ered  below,
LYMPHOCYTOTOXIC FACTORS
Lymphocytotoxic f a c t o r s  have been found in  th e  serum o f  mice  
i n f e c t e d  with  T. s o i r a l i s  (Faubert and Tanner 1 9 7 5 ) .  Goose ( l 9 7 5 )  
demonstrated th e  in  v i t r o  t o x i c i t y  o f  F a s c i o l a  h ep at ica  E5-products  
fo r  r a t  lymphoid c e l l s  and Komatsu, Nish imura,  S a n o -  and Shinka ( l9 7 9 )  
have su gges ted  t h a t  t h e  s u p p r e s s iv e  e f f e c t s  of a crude e x t r a c t  or 
maintenance : f l u i d  o f  A sc ar is  suum were due to  lymphocytotoxic  a c t i v i t y ,  
Behnke e t  al ( l9 7 S )  su g g es te d  t h a t  N. dubius might a l s o  produce such 
a f a c t o r .  Liu ( l 9 6 5 )  in  h i s  study of  th e  patho logy  o f  N. dubius in  
C^H and Webster mice reported  t h a t  the  damage caused to th e  l i v e r ,  
s p le e n  and GALT could have been ca u sed ,  in  p a r t ,  by a n e c r o s i n ,  a 
su bs ta n ce  r e l e a s e d  by t h e  growing la r v a e  which ly sed  th e  surrounding  
t i s s u e .  The breakdown products  o f  c e l l  l y s i s  might enhance th e  t o x i c  
e f f e c t  on other  c e l l s . a n d  would have marked d e l e t e r i o u s  e f f e c t s  on 
immune r e s p o n s i v e n e s s .  However, th e  r e s u l t s  p resen ted  in  t h i s  study  
do not p rov ide  any e v id e n c e  t h a t  N. dubius ES-products are t o x i c  for  
lymphoid c e l l s .
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LYK^ PHCCYTE SUPPRESSIVE FACTORS
No ev ide nc e  e x i s t s  t o  show t h a t  s u p o r e s s i v e  f a c t o r s  are produced  
by N. d u b iu s . Jenkins  ( l 9 7 7 )  prepared a whole  ad u l t  worm homogenate  
of  N« dubius as a means of  o b t a in in g  any s u p p r e s s iv e  f a c t o r s  which  
were .present  in the  worms. However, m u l t i p l e  i n j e c t i o n s  o f  th e  
homogenate f a i l e d  to  su poress  th e  immune exp u ls ion  o f  T. muris from 
mice .  With Bruais  pahanoi in  j i r d s  Portaro ,  B r i t to n  and Ash ( l9 7 6 )  
were unable  to  i s o l a t e  any s u p p r e s s iv e  f a c t o r  from sera al though the  
mitogen r e s p o n s iv e n e s s  o f  c e l l s  from t h e s e  animals was lower than t h a t  
of  age matched c o n t r o l s .  In c o n t r a s t  Weiss (197B) working w ith  
Dipetalonema v i t e a e  in hamsters demonstrated th a t  serum from c h r o n i c ­
a l l y  i n f e c t e d  animals dep ressed  mitogen r e s p o n s i v e n e s s  of  f i l a r i a l -  
a n t i g e n - s e n s i t i v e  lymphocytes .  However t h i s  serum f a c t o r  was not  
c h a r a c t e r i z e d ■arid may not have been o f  p a r a s i t e  o r i g i n .  The problem 
w ith  i s o l a t e d  m a t e r i a l s  such as t h e s e  i s  t h a t  i t  i s  d i f f i c u l t  t o  mimic 
t h e  d o s e / r a t e  of  exposure  found in  th e  normal i n f e c t i o n  p r o c e s s  and 
so t h e  r e s u l t s  should  be in t e r p r e t e d  w ith  c a u t io n .
ANTIGEN INDUCED SUPPRESSION
There can be no doubt t h a t  a n t ig en  induced s u p p re ss io n  occurs  
in  N. dubius  i n f e c t e d  an im als .  I t  has a lr ead y  been mentioned th a t  
th e  p a r a s i t e  produces an array o f  a n t ig e n ic  m a te r i a l  which must compete 
for  space  in  th e  immune r e s p o n se .  Day,  Howard, Prowse,  Chapman and 
M i t c h e l l  ( l 9 7 9 )  have shown by S D S -P age -an a lys i s  t h a t  N, dubius SS- 
prod u cts  conta ined  a t  l e a s t  17 p r o t e i n s .  The molecular  w e ig h t s  o f  
t h e s e  p r o t e i n s  which ranged from 16 .2  to  96 .6  D a ltons  (x 10 make i t  
p o s s i b l e  t h a t  e p i to p e s  ( a n t i g e n i c  d e term in an ts )  on the  same m olecu le  
( i n t r a - m o le c u la r  c o m p e t i t i o n )  as w e l l  as on d i f f e r e n t  m olecu les  ( i n t e r -  
molecular  c o m p e t i t io n )  might com p ete . for  space  in  t h e  h os t  response*
The a d d i t io n  o f  another p a r a s i t e  on ly  i n c r e a s e s  th e  p o s s i b i l i t y  o f
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a n t ig e n  induced s u p p r e s s io n .  Antigen induced su pp ress ion  may occur  
at two l e v e l s  ( s e e  Terry 1977) .  The f i r s t ,  i n v o lv i n g  n o n - s p e c i f i c  
suppressor  c e l l s  has been mentioned e a r l i e r  and i s  based on th e  
h y p o th e s i s  t h a t  suppressor  c e l l s  are normal ly  produced to  l i m i t  a 
d e v e lo p in g  immune r e s p o n se .  The n o n - s p e c i f i c i t y  o f  t h e i r  a c t i o n ,  
mediated at  a d i s t a n c e  by a lymphokine ( s e e  Waksman 1977) cau ses  
oth er  c e l l s  t o  sw i tch  o f f  DNA s y n t h e s i s  (Pross  and Hidinger 1974)  
thus reducing  t h e i r  r e s p o n s i v e n e s s  to  o ther  a n t ig e n s .  The second 
l e v e l  a t  which an t igen  induced su pp re ss ion  may o c c u r i s  at  th e  i n i t i a ­
t i o n  o f  th e  immune resp on se  and the  c e l l  invo lved  a t  t h i s  s t a g e  i s  
thought  to  be th e  macrophage.  A l t e r a t i o n  of  macrophage f u n c t io n in g  
during nematode i n f e c t i o n  has been reported  on a number o f  occas ion s*  
K e l l e r  and Jones ( l 9 7 l )  showed t h a t  p e r i t o n e a l  macrophages which had 
been a c t i v a t e d  by N. b r a s i l i e n s i s  i n f e c t i o n  (or peptone i n j e c t i o n )  
prevented  the  p r o l i f e r a t i o n  of  Walker sarcoma c e l l s ,  al though c o ­
o p e r a t io n  with  lymphocytes in  th e  p rocess  was not exc luded.  IgG^ 
from th e  antiserum of r a t s  i n f e c t e d  w ith  N, b r a s i l i e n s i s  prevented  
tumour c e l l  engulfment by macrophages. I t  was suggested  th a t  th e  
IgG^ blocked antibody r e c e p t o r s  on macrophages from responding to  
tumour-bound a n t ib o d ie s  (K e l l e r  and Jones 1971) ,  Macrophages from 
T. s o i r a l i s  i n f e c t e d  mice have been im p l ica ted  Lin in c r e a s e d  respon ses  
t o  p a r t i c u l a t e  s u bs tan ces  (M o l in a r i ,  Cypess and Eberso le  1974 ) .
Increased  p h a g o c y to s i s  by macrophages c a u s e s  an in c r e a s e  in  t h e  r a t e  
o f  carbon c l e a r a n c e  and enhances th e  r e s i s t a n c e  of  i n f e c t e d  mice to  
th e  i n t r a c e l l u l a r  bacterium L i s t e r i a  monocytogenes (Cypess ,  L u bin ieck i  
and Swidv/a 1974) ,  R e s i s t a n c e  to  Trypanosoma l e w i s i  in  r a t s  (Meerovitch  
and Ackerman 1974) and t h  Babesia  m ic r o t i  in  mice (Carlaw, P h i l l i p s  
and Wakelin ,  in  p r e s s )  i s  a l s o  enhanced in  T. s o i r a l i s  i n f e c t e d  an im als .  
With th e  ex ce p t io n  o f  t h e  N. b r a s i l i e n s i s / tumour system mentioned above 
no other  record o f  d epressed  macrophage respon ses  during nematode
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i n f e c t i o n  has been documented,  A model o f  AIS has been proposed in  
which t h e  macrophage p la y s  an important p a r t .  I t  i s  h yp oth e s ized  
t h a t  macrophage f u n c t io n in g  remains normal.  The model d e s c r i b e s  
T-lymphocyte  i n t e r a c t i o n  w i th  a n t i g e n i c  determinants  on f o r e i g n  m ole­
c u l e s  and th e  r e l e a s e  o f  a c o - o p e r a t i n g  f a c t o r  (ant ibody or a n t ib o d y -  
a n t ig e n  complex), which then a t t a c h e s  t o  Fc r e c e p t o r s  on th e  macrophage 
which in  tu r n  p res en t  i t  t o  B - c e l l s ,  t r i g g e r i n g  ant ibody p ro d u ct io n .
I f  two a n t ig e n s  are adm in is tered  s e q u e n t i a l l y  then th e  f a c t o r s  r e l e a s e d  
by T - c e l l s  (so c a l l e d  Ig-T)  w i l l  be competing for  l i m i t e d  macrophage 
Fc r e c e p t o r s  and so t h e  re s p o n se  to  th e  second an t igen  may be d epressed  
d e s p i t e  normal macrophage f u n c t io n in g  ( s e e  Feldmann e t  a l  197 4 ) ,
The two examinat ions  o f  macrophage a c t i v i t y  c a r r i e d  out in t h i s  
s tudy were aimed at d e t e c t i n g  d i f f e r e n c e s  in  ac tu a l  r e s p o n s i v e n e s s  
o f  macrophages,  t h e o r e t i c a l l y  the  ATS model o u t l in e d  above does not  
r eq u ir e  depressed  or enhanced macrophage a c t i v i t y  to  be e f f e c t i v e ,  
although changes in  macrophage a c t i v i t y  would o b v io u s ly  have an e f f e c t  
on t h e  r e s u l t i n g  re s p o n se .
The ac id -p h o s p h a ta s e  t e s t  proved to  be o f  l i t t l e  v a l u e .  The 
high l e v e l s  o f  a c t i v i t y  in  each macrophage ( too  high to  be counted)  
may have been a c h a r a c t e r i s t i c  o f  NIH m ice ,  such h igh l e v e l s  o f  
macrophage enzyme a c t i v i t y  i f  i n d i c a t i v e  of  .immune r e s p o n s i v e n e s s  
may h e lp  e x p la in  th e  r e l a t i v e  r e s i s t a n c e  of  NIH mice to  helminth  
i n f e c t i o n s .  However, t h i s  c o n c l u s io n  would be v a l i d  o n ly  a f t e r  e x t ­
e n s i v e  i n v e s t i g a t i o n s  in  o ther  s t r a i n s  o f  mice .  The attempt to  measure  
macrophage a c t i v i t y . u s i n g  the  inflammation t e s t  was t e c h n i c a l l y  s u c c e s ­
s f u l  even i f  no d i f f e r e n c e s  were d e t e c t e d  between c o n t r o l  and N. dubius  
i n f e c t e d  animals .  I f  t h i s  t e s t  i s  to  be used again  mice w ith  a c t i v a t e d  
macrophages i . e .  BC3 or C. parvum s t im u la ted  should be in c lud ed  as a 
p o s i t i v e  c o n t r o l .
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The r o l e  of  inflammatory re s p o n se s  in  th e  e x p u ls io n  o f  i n t e s t i n a l  
nematodes has been emphasized by C g i l v i e  and Jones ( l 9 7 l ) ,  Larsh and 
Race (1975)  and Kennedy ( l9 8 0 )*  In th e  c a s e  o f  T. s o i r a l i s  in  mice  
any f a c t o r  which a l t e r e d  or de layed  th e  inflammatory respon se  would 
almost  c e r t a i n l y  d e la y  th e  e x p u l s io n  o f  the  p a r a s i t e .  The f a c t  t h a t  
t h e  e a r l y  polymorph re sp o n se  and th e  l a t e r  macroohage resp on se  t o  
f i l t e r s  in  i n f e c t e d  mice  was not a l t e r e d  from t h a t  o f  c o n t r o l  mice  
s u g g e s t s  t h a t  th e  e f f e c t  o f  N. dubius  i s  not a g a in s t  the  c e l l s  in v o lv e d  
in  t h i s  type o f  inf lammatory r e s p o n se .  The p o s s i b i l i t y  e x i s t s  however ,  
t h a t  as th e  f i l t e r s  measured a p e r ip h e r a l  inflammatory re sp o n se  th e  
e f f e c t  o f  N, dubius at  th e  i n t e s t i n a l  l e v e l  may have been m issed .  
Arguing a g a in s t  a l o c a l i z e d  e f f e c t  o f  N. dubius on the  immune response  
i s  t h e  work o f  Liu ( l 9 6 5 ) ,  Jones ( 1 9 7 4 ) ,  Chowaniec,  Wescott  and Congdon 
( l 9 7 2 )  and Jenkins  and Behnke ( l9 7 7 )  who demonstrated changes in  the  
s p l e e n ,  depressed  r e sp on se s  t o  a v i r u s  and de layed  r e j e c t i o n  o f  the  
c a e c a l  d w e l l i n g  nematode T, muris .
ALTERATION OF IMMUNOGLOBULIN PRODUCTION
Brown, Crandal l  and Crandal l  ( l 9 7 6 )  have su gges ted  th a t  the  
in c r e a s e d  IgG^ c a ta b o l i sm  in mice i n f e c t e d  with  N. dubius i s  re s p o n s ­
i b l e  for  th e  d ep res s ed  r e sp on se s  to  h e te r o lo g o u s  an t igen s*  Increased  
breakdown o f  IgG^ ap p aren t ly  has an e f f e c t  on the  breakdown r a t e s  o f  
oth er  Immunoglobulin G s u b c l a s s e s .  The p roduct ion  r a t e s  of  immuno­
g l o b u l i n s  were not c o n s id e r e d  in  th e  i n v e s t i g a t i o n .  The b i o l o g i c a l  
and a d a p t iv e  f u n c t i o n s  o f  IgG^ are u n c le a r  but i t  i s  p o s s i b l e  t h a t  
when IgG^ i s  overproduced th e  a n t i b o d i e s  may swamp Fc r e c e p to r s  on 
macrophages p reven t in g  them from responding .  Chapman, Knopf, Hicks  
and M i tc h e l l  ( l 9 7 9 )  and Chapman, Knopf, Anders and M i tc h e l l  ( l 9 7 9 )  
demonstrated t h a t  th e  organs r e s p o n s i b l e  for IgG^ produ ct ion  were  
t h o s e  *in l in e *  fo r  a n t ig e n  cap tu re;  th e  i n t e s t i n a l  lymph nodes in
123
th e  c a s e  o f  N. dubius and t h e  l i v e r  and sp leen  in  the  c a s e  o f  the  
l a r v a l  c e s t o d e  M.esocestoides c o r t i . These workers were a b le  t o  induce  
high numbers o f  IgG^ anti-SRBC PFC in  the  s p l e e n s  o f  mice in  response  
to  m u l t i p l e  h ig h -d o se  i n j e c t i o n s  o f  SRBC, i . e .  a model o f  ch ron ic
a n t ig e n  exposure .  They concluded t h a t  the  high IgG l e v e l s  found ini
N. dubius and M. c o r t i  i n f e c t e d  mice  r e f l e c t e d  th e  ch ron ic  nature  o f  
t h e  i n f e c t i o n s  which gave a T-dependent s t im u la t io n  of  B c e l l s *
DISTURBANCE OF LYMPHOCYTE TRA-^IC
A g r e a t  d ea l  o f  ev idence  has been gathered showing t h a t  lympho­
b l a s t s  from the  t h o r a c i c  duct  (Gowans and Knight 1964,  H a l l ,  Parry 
and Smith 1972) ,  m e s e n te r i c  lymoh nodes ( G r i s c e l l i ,  V a s s a l l i  and 
McCluskey 1% 9,  Guy-Grand, G r i s c e l l i  and V a s s a l l i  1974,  P arr o t t  and 
Ferguson 19 7 4 ) ,  and i n t e s t i n a l  lymph ( H a l l ,  Hopkins and Orlans 1977)  
a l l  m igra te  to  th e  lamina propria  of  th e  small  i n t e s t i n e .  A l t e r a t i o n s  
i n  t h e  normal homing p a t t e r n s  of  c e l l s  t o  th e  small  i n t e s t i n e  during  
nematode i n f e c t i o n s  are a l s o  w e l l  documented ( s e e  Table 4 ) .  The
e x a c t  fu n c t io n  of  the  l o c a l i z a t i o n  of  lymphoblasts  in  th e  lamina propria  
i s  not  known a t  p r e s e n t  but Manson-Smith,  Bruce and P arr o t t  ( l 9 7 9 )  
and Manson-Smith,  Bruce ,  Rose and P arr o t t  ( l 9 7 9 )  have shown t h a t  
enhanced l o c a l i z a t i o n  o f  m e s en ter i c  lymphoblasts  in  NIH mice during  
T. s o i r a l i s  i n f e c t i o n  peaks .betw een  days 2 and 4 and precedes  th e  
i n i t i a t i o n  o f  v i l l u s  atrophy and cryp t  h y p e r p la s ia .  They have shown 
t h a t  v i l l u s  atrophy and cryp t  h y p e r p la s ia  i s  c o r r e l a t e d  w i th  th e  
e x p u ls io n  of  the  p a r a s i t e  from th e  i n t e s t i n e .  Their work has a l s o  
shown t h a t  c e l l  l o c a l i z a t i o n  i s  predominantly  o f  T- lym phoblas ts  and 
i s  h i g h e s t  in  the  r e g i o n . o f  th e  i n t e s t i n e  occupied by th e  p a r a s i t e s .
The work reported  here  d e s c r i b e s  a major e f f e c t  o f  N. dubius on 
t h e  lymphoblast  m ig ra t io n  p a t t e r n s  in  mice  i n f e c t e d  with  T. s o i r a l i s .
The on ly  la r g e  changes between c o n tr o l  and N. dubius i n f e c t e d  m ice ,
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were in  th e  s p l e e n s  o f  t h e  l a t t e r  which showed an incr ease d  i s o t o p e  
c o u n t ,  thus  c o r r e l a t i n g  w e l l  w ith  th e  observed splenomegaly .  The 
in c r e a se d  counts  in th e  s p l e e n  were probably  due t o  th e  in cr ea se d  
number o f  macrophages as t h e s e  are known t o  p lay  a r o l e  in  lymphocyte  
trap p in g  (F ros t  and Lance 1974 ) .  There were no chan ges ,  from c o n t r o l s ,  
in  t h e  degree  o f  homing to  t h e  smal l  i n t e s t i n e  o f  mice i n f e c t e d  w i th  
N. dubius  a lon e .  The enhanced m ig r a t io n  to  th e  smal l  i n t e s t i n e  
observed in  t h e  doubly i n f e c t e d  groups did. not occur at  day 4 as in  
mice i n f e c t e d  with  T. s o i r a l i s  a lo n e ,  but a t  day 12 ( s e e  Figure 25 ) 
and i t  i s  tempting to  s u g g e s t  t h a t  t h i s  change in  th e  m ig r a t io n  p a t t e r n  
i s  r e s p o n s i b l e  for  the  de layed  ex p u ls io n  o f  T. s o i r a l i s . With r e f e r ­
ence t o  F igures  1 and 2 which show worm exp u ls ion  p a t t e r n s  and F igure  25 
which shows i s o t o p e  r e c o v e r i e s  from t h e  small  i n t e s t i n e ,  i t  can be 
seen  t h a t  in T. s o i r a l i s  i n f e c t e d  m ice ,  and in  doubly i n f e c t e d  m ice ,  
t h e  peak l o c a l i z a t i o n  to  th e  small  i n t e s t i n e  occurs  4 days p r io r  to  
t h e  o n s e t  o f  worm e x p u l s io n .  As i n f e c t i o n  w i th  N. dubius a lone  did  
not  d e c r e a s e  th e  d egree  o f  c e l l  homing to  th e  smal l  i n t e s t i n e  i t  must 
be assumed t h a t  the  m ig ra t io n  o f  lymphocytes responding t o  T, s o i r a l i s  
i n f e c t i o n  was caused by an N. d u b iu s - induced d e la y  o f  th e  inflammatory  
changes normally a s s o c i a t e d  with  T. s o i r a l i s  i n f e c t i o n .  C e l l s  taken  
from th e  MLN of  doubly i n f e c t e d  mice at day 12 may have been capable  
of  t r a n s f e r r i n g  immunity to  T« s o i r a l i s  whereas th o se  taken e a r l i e r  
( s e e  F igure  4 ) were n o t .  Moore and Hal l  ( l 9 7 3 )  provided  ev idence  
t h a t  th e  nature  of  th e  inf lammatory s t im u lu s  was important for  l o c a l ­
i z a t i o n  o f  lymphoblasts  and t h e i r  r e s u l t s  would support  th e  s u g g e s t i o n  
t h a t  N. dubius has..an e f f e c t  on th e  inflammation  in  th e  g u t .  As w e l l  
as having an e f f e c t  on th e  inflammatory response  induced by T. s o i r a l i s  
i t  i s  p o s s i b l e  t h a t  th e  p a t h o l o g i c a l  changes in  th e  s p le e n  and lymph 
nodes In N. dubius i n f e c t e d  mice (Liu 1965) may have a l t e r e d  the  t r a p ­
ping p r o p e r t i e s  of  t h e s e  organs but no ev idence  for  t h i s  was found
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o th e r  than t h a t  of  in cr ea se d  sp le e n  l o c a l i z a t i o n .  Such e f f e c t s  have  
been suggested  as p o s s i b l e  cau ses  o f  h yp oresp on s ive n e ss  in  o ther  
systems where enhanced lymph node trapping  o f  c e l l s  in  resp on se  t o  
a n t i g e n ,  suppressed r e s p o n se s  t o  o ther  a n t ig e n s  (Schlossman, Levin ,  
Rockl in  and David l 9 7 l ) .  T h is  was a t r a n s i e n t  e f f e c t ,  l i k e  th e  e f f e c t  
o f  N. dubius on the  e x p u l s io n  o f  T« s p i r a l i s .  I t  i s  obvious  t h a t  as 
the  r o l e  o f  lymphoblast  homing in  gut  immunity i s  s t i l l  u n c l e a r ,  th e  
p r e c i s e  r e l e v a n c e  of  t h e  f i n d i n g s  d es cr ib ed  here  w i l l  have to  await  
fu r th e r  i n v e s t i g a t i o n .
DEPRESSIO N 0 ^  LWiPHOCYTE R E  PONS IV ENESS
Although th ere  i s  no ev id e n c e  in  th e  l i t e r a t u r e  t o  show t h a t  
N. dubius produces a lymphocyte suppressor  f a c t o r ,  th e  s tudy conducted  
here on lymphocyte r e sp on se s  t o  PHA did show t h a t  c e l l s  from i n f e c t e d  
mice d id  not respond as w e l l  as t h o s e  from c o n t r o l s .  In th e  f i n a l  
experiment on mitogen r e s p o n s i v e n e s s  in  which c e l l s  were taken from 
mice i n f e c t e d  with  T . s o i r a l i s . N . dubius or T . s o i r a l i s  p lu s  N . dubius  
re s p o n se s  of  MLNC from a l l  t h e s e  groups were lower than th o se  of  
c o n t r o l s .  A mixed c e l l  p o p u l a t i o n ,  c e l l s  from N . dubius and T* s o i r a l i s  
i n f e c t e d  mice responded as w e l l  as c o n t r o l  c e l l s  from u n in f e c t e d  mice .  
T h is  might be exp la ined  in  terms o f  t h e  c e l l  p o p u la t io n s  la c k i n g  a 
c e l l  typ e  n ecessa ry  fo r  s t i m u l a t i o n .  Only when the  c e l l s  are mixed  
are t h e r e  enough o f  the  a p propr ia te  c e l l s  t o  g i v e  c o n t r o l  s t i m u l a t i o n  
v a l u e s .  As far  as the  d ep ressed  r e sp on se s  are concerned Ljungstrom 
( l 9 8 0 ) h a s  descr ib ed  s i m i l a r  depressed  r e sp on se s  (o f  s p le e n  c e l l s )  to  
p o l y c l o n a l  a c t i v a t o r s  e a r l y  in  T. s o i r a l i s  i n f e c t i o n .  The r ed u ct io n  
in  r e s p o n s i v e n e s s  was not due to  a d e p l e t i o n  o f  th e  T - c e l l  dependent  
areas  o f  nodes and spleen,  (Ljungstrom and Ruitenberg 1976) and in  f a c t  
she favoured suppressor  c e l l s  as being th e  most important c o n t r ib u t o r y  
f a c t o r .  The depressed  mitogen respon ses  in  N. dubius i n f e c t e d  mice
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did  not  t i e  in  with  the  in v iv o  i s o t o p e  exper iments  where t h e r e  v/as 
some ev ide n c e  o f  b l a s t o g e n e s i s  i n  th e  MLN and s p l e e n ,  nor w ith  th e  
c e l l  cou n ts  in which t h e r e  was an e a r l y  d e c l i n e  fo l low ed  by a s t e a d y
r i s e  t o  l e v e l s  above t h o s e  o f  c o n t r o l s .  I t  was not  p o s s i b l e  to  l ink
t h e s e  resp on se s  to  t h e  d i f f e r e n t  phases o f  the  N. dubius i n f e c t i o n .  
This  i s  in  marked c o n t r a s t  t o  th e  study of  T. c o l u b r i f o r m is  i n  guinea  
p i g s  (Dobson and S ou lsby  1974) in  which the lymphoblast  resp on se  
s t a r t e d  in  th e  P ey e r ' s  p a tc h e s  and moved r a p id ly  i n t o  t h e  lamina 
propria  and MLN reaching  a peak 6 days a f t e r  i n f e c t i o n  a t ime when 
lymphocyte tran s form at ion  to  T. c o l u b r i f o r m is  a n t ig e n s  was f i r s t  
d e t e c t e d .  All  th e  lymphoblast  respon ses  were completed p r io r  to  the  
s t a r t  o f  worm e l i m i n a t i o n .
I t  i s  p o s s i b l e  t h a t  the  r e d u c t io n  in lymphocyte r e s p o n s i v e n e s s  
was due to  th e  pre-committment o f  th e s e  c e l l s  t o  some o f  the  many
ES p roducts  o f  N. dubius (s^e  Day e t  al  1979) and any o f  the  mechan­
isms o f  AIS mentioned e a r l i e r  may be r e s p o n s i b l e .
To c o n c lu d e ,  th e  immunosuppression caused by i n f e c t i o n  w i th  
N. dubius  which i s  a c t i v e  a g a i n s t  a v a r i e t y  of  h e te r o lo g o u s  a n t ig e n s  
appears to  be due t o  an e f f e c t  o f  the  p a r a s i t e  on lymphocyte  
r e s p o n s i v e n e s s / e f f e c t i v e n e s s .  The way in  which t h i s  s u pp re ss io n  i s  
t r i g g e r e d  i s  u n c l e a r .




In most la b o r a to r y  models o f  p a r a s i t e  immunity ( s ee  Table l )  
à' s i n g l e  exposure to  th e  p a r a s i t e  i s  s u f f i c i e n t  to  p r o t e c t  th e  h o s t  
a g a i n s t  homologous c h a l l e n g e  i n f e c t i o n  (Reviewed, Wakelin 1978,
M i t c h e l l  1979 ) .  Depending upon th e  p a r a s i t e  concerned p r o t e c t i o n  
can be expressed  a n a m n e s t i c a l l y  in  the  form o f  a c c e l e r a t e d  worm 
e x p u l s io n  (which may occur as e a r l y  as 24 hours p o s t  c h a l l e n g e .  B e l l  
and McGregor 1979) or may ta k e  th e  form o f  a more rapid  p a r a s i t e  
a t t r i t i o n  w i t h in  the  h o s t s  t i s s u e s  (Moqbel 1980) .  Many workers have 
demonstrated th a t  t h i s  a c c e l e r a t e d  r e s p o n s i v e n e s s  could  be t r a n s f e r r e d  
(w ith  immune or s e n s i t i z e d  MLNC and / o r  immune serum) to  naive  r e c i p ­
i e n t s  (K e l l e r  and K e is t  1972 ,  O g i l v i e  and Jones 1968) .
There have been r e l a t i v e l y  few at tempts  to  a n a lyse  th e  c e l l u l a r  
resp on se  t o  N. d u b i u s . and th e  r o l e  o f  lymphoid c e l l s  has not r e c e iv e d  
a g r e a t  d ea l  o f  a t t e n t i o n .  Various  workers have reported  on the  
involvement  o f  p e r i t o n e a l  exudate  c e l l s ,  e . g .  e o s i n o p h i l s  and macro­
phages ( in  v i t r o  and in  v i v o ) in  resp on ses  to  the  la r v a l  s t a g e s  and in  
th e  c e l l u l a r  r e a c t i o n  t h a t  forms about d eve lop ing  lar vae  in  immune mice  
( jo n e s  and Rubin 1974,  Jones 1974,  Chaicumpa, Jenkin and F i s c h e r  1977 ,  
Chaicump^ e t  al  1978,  Prowse,  Ey and Jenkin 1 9 7 8 ) .  Only Prowse,  
M i t c h e l l , Ey-^ndOenkin ( l9 7 S )  and Behnke and Parish  ( l 9 8 1 ,  in  p r e s s )  
have examined th e  e f f e c t  o f  t r a n s f e r r i n g  immune m e s e n te r i c  lymph 
node c e l l s  on th e  s u r v i v a l  of  the  p a r a s i t e  w i t h in  the h o s t .  Before  
a ttem pting  to  t r a n s f e r  immunity t o  na ive  r e c i p i e n t s  i t  i s  n e c e s s a r y  
t o  ensure  t h a t  th e  immunising sched u le  used on donor animals  has  
induced high l e v e l s  o f  p r o t e c t i o n .  One o f  th e  problems a s s o c i a t e d  
w ith  N. dubius i s  the f a i l u r e  o f  s i n g l e  i n f e c t i o n s  to  induce th e
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high l e v e l s  o f  p r o t e c t i o n  a g a in s t  r e - i n f e c t i o n  which are found in  
o th e r  la b o r a to r y  model systems ( s e e  General I n tr o d u c t i o n ) ;  m u l t i p l e  
i n f e c t i o n s  are t h e r e f o r e  r eq u ir ed .  Van Z a n d t ( i 962) used  3 rep ea te d  
i n f e c t i o n s  each o f  50 p a r a s i t e s  t o  immunise mice .  He a l s o  immuni­
sed mice  u s in g  p r e p a r a t io n s  o f  l a r v a l  or ad u lt  a n t ig e n s  but th e  
p r o t e c t i o n  induced was much l e s s  than th a t  obta ined  f o l l o w i n g  3 o r a l  
i n f e c t i o n s ,  Behnke and Par ish  (l979û^l97^b^ 1931 in  p r e s s )  used a 
s i x  dose  i n f e c t i o n  s ch ed u le  to  s t i m u l a t e  an immunity v/hich could  
be t r a n s f e r r e d  s y n e r g i s t i c a l l y  w ith  c e l l s  and serum. Prowse e t  a l . f^TBa)  
showed t h a t ,  in  t h e i r  system ,  two immunising d oses  were required  
b efo re  mice became p r o t e c t e d .  Other workers have been a b le  to  s t i m ­
u l a t e  immunity w ith  l a r v a l  s t a g e s  i n j e c t e d  i n t r a p e r i t o n e a l l y  or 
su bc utan eou s ly  (Cypess 1970a). This method r e q u ir e s  very  la r g e  
numbers o f  p a r a s i t e s  and may s t i m u l a t e  a d i f f e r e n t  ty p e  o f  response  
from t h a t  i n i t i a t e d  by m u l t i p l e  immunisation.  One t e ch n iq u e  which 
has not been employed w ith  N. dubius i s  th e  use  o f  i r r a d i a t e d  la r v a l  
s t a g e s  for  immunisat ion.
The s h o r t  term e f f e c t s  o f  r a d i a t i o n  on b i o l o g i c a l  systems have  
been e x t e n s i v e l y  i n v e s t i g a t e d  mainly  as a r e s u l t  o f  th e  u s e  o f  
i o n i z i n g  r a d i a t i o n  in  m ed ica l  d i a g n o s t i c  t e c h n iq u e s . -  In f a c t  e a r l y  
s t u d i e s  were aimed a t  d e s t r o y i n g  T. s o i r a l i s  i n f e c t i v e  musc le  lar vae  
in  pork (Tyzzer and Honeij  I 9 l 6 ,  Semrad 1937,  Levin and Evans 1 9 4 2 ) .  
S to n er  and Hale ( l 9 5 2 )  were f i r s t  t o  rep o r t  on th e  e f f e c t  o f  i r r a d i a ­
t i o n  on th e  a b i l i t y  o f  t h e  h o s t  to mount an immune resp on se  a g a in s t  
T. s o i r a l i s .  Their p io n e e r in g  work has led  to  th e  u s e  o f  i r r a d i a ­
t i o n  as a standard t o o l  for  th e  a b l a t i o n  o f  immune r e s p o n s i v e n e s s  
t o  nematode p a r a s i t e s .
J a r r e t t ,  J e n n in g s ,  McIntyre ,  M u l l igan ,  Sharp and Urquhart ( l9 5 9 )  
were s u c c e s s f u l  in  immunising c a l v e s  a g a in s t  D ic tv o c a u lu s  v i v i o a r u s
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u s i n g  an i r r a d i a t e d  v a c c i n e .  Their c l a s s i c a l  study was t h e  f i r s t  
t o  u t i l i s e  an i r r a d i a t i o n - i n d u c e d  c u r ta i lm e n t  o f  th e  p a r a s i t e ' s  
l i f e  c y c l e  at  a s p e c i f i c ,  h o s t - p r o t e c t i v e  s t a g e .  Furthermore  
t h e i r  work demonstrated t h a t ,  a t  the  c o r r e c t  d o s a g e ,  th e  s u r v i v a l  
o f  l a r v a e  was such t h a t  w h i l e  immunity was s t im u l a t e d ,  much o f  
th e  pa th o lo g y  a s s o c i a t e d  w i th  th e  d i s e a s e  could be prevented ( J a r r e t t  
and Sharp 1963) .
The s u c c e s s  o f  ' D i c t o l '  has not been repeated  in  o ther  sy s tem s .  
I r r a d ia t e d  v a c c i n e s  a g a i n s t  S tr o n g y lu s  v u l g a r i s . Ancvlostoma caninum. 
D ic t v o c a u lu s  f i l a r i a , Haemonchus co n to r tu s  and T r ic h o s tr o n q v lu s  
c o l u b r i  formls have a l l  f a i l e d  t o  become commercia lly  v i a b l e  (Ogbourne 
and Duncan 1977 ,  M i l l e r  1979,  Movses ijan 1973,  M u l l igan ,  Gordon,  
S tew art  and Wagland 1961) though for  a v a r i e t y  of  r e a s o n s .
More r e c e n t l y  T a y lo r ,  James, B i c k l e ,  Doenhoff ,  N e lson ,  Hussein  
and Bushara ( l9 7 7 )  have s u c c e e d e d ,  in  f i e l d  t r i a l s ,  i n  p r ev en t in g  
s e v e r e  i n f e c t i o n s  o f  S.  m atthe i  and S . b o v is  in  sheep and c a t t l e  
u s in g  an i r r a d i a t e d  v a c c i n e .  Oothuman, Denham, McGreevy, Nelson  
and Rogers ( l 9 7 9 )  have a l s o  obta ined  p a r t i a l  immunization o f  c a t s  
a g a i n s t  Bruqia oahanqi u s in g  a heavy immunising sch ed u le  o f  i r r a d ­
i a t e d  i n f e c t i v e  la r v a e .
The aim o f  th e  p r e s e n t  work was t o  f in d  a quick and e f f e c t i v e  
method o f  s t i m u la t in g  immunity to  N. dubius which would avoid the  
u s e  o f  immunising s c h e d u le s  w ith  normal l a r v a e .  The f i r s t  p a r t  of 
t h i s  s e c t i o n  d e a l s  w ith  th e  u s e  o f  m u l t i p l e  immunising s c h e d u le s  
and th e  e f f i c a c y  o f E c e l l  and serum t r a n s f e r s  from donors immunised 
in  t h i s  way. An a t t e m p t - a t  s t i m u l a t i n g  immunity n o n - s p e c i f i c a l l y  
u s in g  the  immunostimulant, Coumarin i s  a l s o  recorded as i s  the  
e f f e c t  o f  immunisation w i th  a f i e l d  s t r a i n  of  N. d u b iu s .
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The f i n a l  s e c t i o n  a s s e s s e s  t h e  e f f e c t  of  c o b a l t  60 i r r a d i a t i o n  on 
th e  growth and s u r v i v a l  o f  N» dubius and th e  u s e  o f  c o b a l t  60  
i r r a d i a t e d  la r v a e  in  th e  s t i m u l a t i o n  o f  immunity.  Part  of  th e  
work w i l l  be publ ished  in  P a r a s i t e  Immunology in a paper prepared  
in  c o n ju n c t io n  w ith  Dr. J.M. Behnke and Miss Heather A. P a r i s h .  
This  work i s  c o n s o l i d a t e d  w i th  fu r th e r  s t u d i e s  on t h e  u s e  o f  





..Larval N. dubius can be exsheathed by d i l u t e  s o l u t i o n s  o f  
Sodium h y p o c h lo r i t e  (Rubin,  Leuker and Andersen 1968) .  A f ter  s e v ­
e r a l  t r i a l s ,  in which l a r v a e  were incubated in NaOCl a t  v a r io u s  
c o n c e n t r a t i o n s  and t em p era tu res ,  i t  was found t h a t  a t  37 C a 0.1% w/v  
Sodium h y p o c h l o r i t e ,  0.875% w /v  Sodium c h l o r i d e  s o l u t i o n  ( i . e .  5% 
M ilton 2 s t e r i l i s i n g  f l u i d ,  R ichardson-M erre l l  L td . )  was %% e f f e c t ­
i v e  w i t h i n  5 m in u tes .  Exsheathing  was c a r r ie d  out by p l a c i n g  a l a r ­
v a l  su sp en s io n  ( u s u a l l y  lOOO la r v a e /m l )  in  a 50ml beaker and adding 
M ilton  2 (Sodium h y poch lor i te /S od iu m  c h l o r i d e )  s o l u t i o n  t o  g i v e  th e  
requ ired  f i n a l  c o n c e n t r a t i o n .  Larvae were washed in  d i s t i l l e d  water  
a f t e r  exsheathment and resuspended in  d i s t i l l e d  water p r io r  to  i n j e c ­
t i o n .
IRRADIATION OF LARVAE
U nles s  o th erw is e  s t a t e d  t h e  i r r a d i a t i o n  o f  la r v a e  was c a r r i e d  
out in  t h e  Department o f  V e te r in a r y  P h y s io lo g y ,  U n i v e r s i t y  of  
Glasgow V eter in a r y  S ch oo l  u s in g  a Cobalt  60 s ou rce .  A s tock  l a r v a l  
s u sp e n s io n  was ad ju sted  t o  g i v e  th e  requ ired  i n f e c t i v e  dose  in  0.2ml  
o f  s u s p e n s io n ,  a l i q u o t s ,  u s u a l l y  lOml, were p laced  in  p l a s t i c  u n i ­
v e r s a l  c o n t a i n e r s  and t h e s e  were lowered in to  th e  source  for  the  
required  le ng th  6 f  t ime ( l . 01^.r a d /m in u te ) .  A f ter  i r r a d i a t i o n  th e  
c o n t e n t s  o f  t h e  tubes  were t r a n s f e r r e d  to  c o n i c a l  f l a s k s  and a mag­
n e t i c  s t i r r e r  was used t o  d i s p e r s e  t h e  l a r v a e  p r io r  t o  i n o c u l a t i o n .
CELL AND SERUM TRANSFERS
These were c a r r i e d  out as d e s c r ib e d  in  General  M a te r ia l s  and 
Methods and S e c t i o n  1 M a t e r ia l s  and Methods.
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FIELD STRAIN PARASITE
As d e s c r ib e d  in  General  M a te r ia l s  and Methods.
COUMARIN
Coumarin ( l - 2  behzo-p yron e ,  Sigma) was adm in is tered  i / p  in  
5% A.R. e thano l  in  p h y s i o l o g i c a l  s a l i n e  a t  a d ose  o f  Img/mouse on 
a d a i l y  b a s i s .  C o n tr o ls  r e c e iv e d  o% A.R. e thanol  in  p h y s i o l o g i c a l  
s a l i n e .  Coumarin i s  a p o t e n t  s t i m u l a t o r  o f  both macrophage a c t i v i t y  
and macrophage numbers (summarised P i l l e r  1978) .
SURGICAL TECHNIQUES
a) LAPAROTOMY
In some exper iments  animals  were i n f e c t e d  w ith  a d u l t  p a r a s i t e s  
which were in s e r t e d  d i r e c t l y  i n t o  th e  duodenum.
Mice were a n a e s t h e t i s e d  w i th  a m ixture  o f  'Sagata l  ' (Sodium 
p e n to b a r b i to n e  60mg/ml, May and Baker L t d . ,  Dagenham), 95% ethanol  
and HBSS in  th e  r a t i o  o f  1:1*5*9  by volume. This  s o l u t i o n  was admin­
i s t e r e d  i / p ,  O.Olml per gram of  body w e ig h t .  The a n a e s t h e s i a  p e r ­
s i s t s  for  2 -3  hours .  Operations  were c a r r i e d  out w i t h in  1 hour o f  
a d m in i s t r a t io n  of  th e  a n a e s t h e t i c .
Once th e  a n a e s t h e t i c  had taken e f f e c t  ( l - 2  m in utes )  the  mouse 
was shaved and f ix e d  to  t h e  op era t in g  s u r f a c e  us in g  p l a s t i c  tape  and 
t h e  s k in  o f  th e  abdomen s t e r i l i s e d  w i th  70% e th a n o l .  A small  i n c i ­
s i o n ,  approximately 1cm long was made w i th  a s c a l p e l  t o  t h e  r i g h t  
o f  th e  an im al ' s  m id l i n e  Icm below the  edge o f  th e  r i b c a g e .  The body 
w a l l  was p ie r c e d  w i th  a s c a l p e l  and th e  opening was extended u s in g  , 
sharp fo r c e p s .  The proximal duodenum was p u l l e d  through th e  opening  
u s in g  a small  metal  hook.  The duodenum was punctured w i th  a hypo­
dermic n e e d le  and th e  worms were in troduced  by i n s e r t i o n  o f  a drawn 
out  g l a s s  p i p e t t e  (O.D. 2mm). The worms were e x p e l l e d  i n t o  th e
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i n t e s t i n e ,  away from t h e  stomach in  0.2ml HBSS. A fter  removal o f  
t h e  p i p e t t e  th e  puncture v/as sutured w ith  a s i n g l e  s t i t c h  (0.7M 
M ersi lk  Mersuture ,  Ethicon L t d . ,  Edinburgh).  The p e r i t o n e a l  c a v i t y  
and exposed i n t e s t i n e  were sprayed w i th  an a n t i b i o t i c  mixture  o f  
b a c i t r a c i n ,  neomycin and po lym ix in  (Rikospray ,  Riker L aborator ies  
L t d . ,  Loughborough). The i n t e s t i n e  was rep laced  in th e  body c a v i t y  
and th e  body w a l l  c l o s e d  w ith  another s i n g l e  s t i t c h  and sprayed once 
again  with  Rikospray.  The s k in  was c l o s e d  w ith  2 -3  s u t u r e s ,  sprayed  
w ith  Rikospray and s e a l e d  w ith  a e r o s o l  p l a s t i c  sk in  (Nobecutane,
Astra Chemicals  L t d . ,  W atford) .  ^Blood l o s s  was n e g l i g i b l e  and 
m o r t a l i t i e s  ( u s u a l l y  due t o  a n a e s t h e s i a )  were r a r e .  A n t i b i o t i c s  
were provided  in th e  d r in k in g  water o f  operated  animals ( s e e  General  
M a t e r ia l s  and Methods).
b) SPLENECTOMY
Fol low in g  a n a e s t h e s i a  mice  were p laced  on th e  o p e r a t in g  s u r fa c e  
in  th e  r i g h t  l a t e r a l  p o s i t i o n  ( l e f t  s i d e  uppermost) .  Both r i g h t  
l imbs were taped p erp e n d ic u la r  to  th e  body a x i s .  The l e f t  f o r e l e g  
was taped a f t e r  s t r e t c h i n g  i t  up (45^) towards th e  head.  The l e f t  
h in d le g  was s t r e t c h e d  down towards th e  t a i l  b e fo r e  ta p in g .  The abdo­
men was swabbed with  70% a lc o h o l  and then  shaved as p r e v i o u s l y  d e s ­
c r i b e d .  An i n c i s i o n  was made in  th e  sk in  j u s t  below th e  l e f t  c o s t a l
margin and t h i s  was f o l l o w e d  by an i n c i s i o n  in  th e  body w a l l  ( 0 .5 - 1 .0 c m )  
t o  expose th e  s p l e e n .  The s p le e n  was e x t e r i o r i z e d  with  bra in
f o r c e p s .  Fo l lowing  e x t e r i o r i z a t i o n  a p a ir  o f  f i n e  fo rce p s  was i n s ­
erted  through th e  m e s e n te r i c  attachment on the  u n d e rs id e  o f  th e  s p l e e n .  
Care was taken to  avoid p i e r c i n g  th e  blood v e s s e l s  o f  th e  upper and 
lower p o l e s .  Once through th e  mesentery  a looped s i l k  thread ( s t e r ­
i l e )  was p u l l e d  back through and c u t  i n t o  two.  One p i e c e  was p u l l e d
down to  th e  lower v a s c u la r  bundle  and th e  second to  the  upper
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v a s c u l a r  bundle.  These were t i e d  o f f .  The s p leen  was c u t  away 
and th e  l i g a t u r e s  were trimmed.
Sham operated animals  were t r e a t e d  i d e n t i c a l l y  up to  the  s t a g e  
o f  e x t e r i o r i z a t i o n .  The s p le e n  was then r e - i n s e r t e d  and th e  body 
w a l l  and sk in  c l o s e d  as d e s c r ib e d  for  laparotomy*
Mice were u s u a l l y  g iv e n  fo u r teen  days to  recover  from th e  oper­




B efore  at tempting  c e l l  and serum t r a n s f e r s  from N, dubius  
i n f e c t e d  mice the  t ime co u rs e  o f  a primary and secondary i n f e c t i o n  
was e s ta b l i s h e d » .
In th e  f i r s t  exper im ent ,  44 6-week old female  NIH mice were 
i n f e c t e d  w ith  400 N. dubius  on day 0 and groups o f  s i x  or seven  o f  
t h e s e  mice were k i l l e d  on days 10,  14,  16 ,  18 ,  2 0 ,  30 and 40 ,  The 
a d u l t  worm r e c o v e r i e s  (Experiment 30) are shown in  Figure  2 - 1 .
The r e s u l t s  show t h a t  t h e r e  was no ev idence  of  worm l o s s  from 
t h e s e  mice in  the  f i r s t  40 days o f  i n f e c t i o n .  Experience has shown 
t h a t  most worms m igrate  i n t o  th e  gut lumen from th e  mucosa on days  
8 -1 0  o f  i n f e c t i o n  ( s e e  General  I n tr o d u c t i o n ) .  On t h i s  o c c a s io n  on ly  
about 50?o of  th e  inoculum was r ec o v ered .  This r o s e  to  a p la te a u  of  
about 60% over th e  next  ten  days .
There was no s i g n i f i c a n t  d i f f e r e n c e  between th e  numbers 
o f  male and female  r ec o v ered .  Throughout th e  experiment the  sex  r a t i o  
was maintained  at approxim ately  1 :1 .
CHALLENGE INFECTION OF N., DUBIUS IN MICE PREVIOUSLY IM.MUNISH) BY 
INFECTION.
This  experiment was d es igned  to  e s t a b l i s h  th e  e f f e c t  o f  an 
immunising primary i n f e c t i o n  on a subsequent c h a l l e n g e  i n f e c t i o n .
Also inc luded  were groups o f  mice g iv e n  p y r a n te l  embonate (PYR) to  
t e s t  t h e  e f f i c a c y  o f  the' drug for  fu tur e  u s e .  Forty  8-week o ld  NIH 
mice were u sed .  The exper imenta l  d e s ig n  (Experiment 31)  i s  s e t  out  
below:
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F IGURE 2-1
Primary i n f e c t i o n  o f  N. dubius in  female NIH mice
Adult  worm r e c o v e r i e s  (Mean) a t  lO, 14 ,  16 ,  18 ,  2 0 ,  30  
and 40 days p os t  i n f e c t i o n  with  400 N. dubius
O T o ta l  number o f  worms recovered  (^  and ( f  )
O Male worms recovered  
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Mice were i n f e c t e d  with  400 N, dubius  on each o c c a s io n  and groups  
were k i l l e d  on day 19 o f  primary i n f e c t i o n  and on day 16 o f  c h a l l e n g e  
i n f e c t i o n  (35 of  pr im ary) .  The worm r e c o v e r i e s  are shown in  F igure  
2-2.
As far as the  u se  o f  p y r a n te l  i s  concerned,  two d oses  on days  
14 and 18 o f  i n f e c t i o n  (Group B) proved to  be 100% e f f e c t i v e  as a s s ­
essed  by k i l l s  on days 19 and 35.  The s i n g l e  day 14 dose  (Group C) 
was l e s s  e f f e c t i v e  in  t h a t  some worms were recovered  on day 19 but  
a l l  t h e s e  worms were from a s i n g l e  mouse.  Pretreatment with  p y ra n te l  
(Group E) had no e f f e c t  on subsequent e s ta b l i s h m e n t  o f  N, dubius the  
mean worm recover  being  i d e n t i c a l  t o  th o s e  o f  Group F,  th e  c h a l l e n g e  
c o n t r o l .  Mean worm recovery  from th e  primary i n f e c t i o n  c o n t r o l  
(Group D) was s im i l a r  a t  both 19 and 35 days p o s t  i n f e c t i o n .  Group 
A, th e  group immunised with  400 N. dubius drug t r e a t e d  and subsequen­
t l y  r e - i n f e c t e d  had s i g n i f i c a n t l y  fewer worms than th e  c h a l l e n g e  
c o n t r o l  (Group F ) .  This red u c t io n  in  worm r e c o v e r y ,  approxim ate ly  
41% must be a t t r i b u t e d  to  t h e  e f f e c t s  o f  th e  p r io r  immunisation.
I t  i s  u n l i k e l y  however,  t h a t  the red u c t io n  was caused by l o s s  o f  
a d u l t  worms from the  g u t .  Immunity t o  N. dubius  can be exp ressed  in  
a number o f  ways and th e  p o s s i b i l i t y  t h a t  worm development and emer­
gence  had b een /or  can be de layed  must be c o n s id ered  l i k e l y  and has
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FIGURE 2-2
C ha l len ge  i n f e c t i o n of  N. dubius in  mice
immunized by i n f e c t i o n
Mean recovery (MdR -  SD) N, dubius
GROUP DAY
0 .. 1 8 .. ...... 19 ........ 35
A Nd PYR PYR Nd K
B Nd PYR PY.R K K
C Nd PYR K K
D Nd - ■ -  . K K
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an important  bearing on t h i s  r e s u l t .  Having on ly  one p o s t - c h a l l e n g e  
k i l l  makes i t  im p o s s ib le  to  determine i f  t h i s  was in  f a c t  what had 
happened.
STIMULATION OF IMAUJNITY WITH DIVIDED INFECTIONS
■’As was mentioned e a r l i e r  ( s e e  General  I n tr o d u c t io n )  m u l t i p l e  
immunization s c h e d u le s  are  u s u a l l y  required  to  s t i m u l a t e  p r o t e c t i v e  
immune r e sp on se s  t o  N. d u b i u s . The s u c c e s s  o f  m u l t i p l e  immunizing 
s c h e d u le s  can be a t t r i b u t e d  to  th e  in cr ea se d  exposure o f  t h e  h os t  
t o  l a r v a l  a n t ig e n s  w ith  each succeed in g  i n f e c t i o n .  To t e s t  whether  
or not in cr ea se d  exposure to  th e  l a r v a l  s t a g e s  did produce b e t t e r  
p r o t e c t i o n  an experiment (Experiment 32) was c a r r ie d  out in which  
male CFLP mice were immunized with  e i t h e r  3 i n f e c t i o n s  o f  200 N, dubius  
or 6 i n f e c t i o n s  o f  100 N. d u b i u s . The i n f e c t i o n s  were g iv e n  at  
i n t e r v a l s  as shown below and each was terminated  by p y r a n te l  t r e a t ­
ment to  prevent  the  accumulation o f  l e t h a l  worm burdens in  t h e  i n t e s ­
t i n e .  Serum taken from t h e s e  animals a f t e r  th e  m u l t i p l e  immunizations  
was used in  subsequent serum t r a n s f e r  exper iments  to  a s s e s s  th e  r o l e  
o f  serum f a c t o r s  in  immunity to N. d u b iu s . The m u l t i p l e  immunising  
s c h e d u le s  were u n c o n t r o l l e d  in  t h a t  worm r e c o v e r i e s  were not  d e t e r ­
mined and no c o n t r o l  I n f e c t i o n s  g i v e n .  However based on egg cou nts  
taken at two p o i n t s  in  th e  immunising s c h e d u le ,  some measure of  
immunity did  d e v e lo p .  Group 1 mice were g ive n  i n f e c t i o n s  o f  200  
N. dubius on days 0 ,  19 and 38 t r e a t e d  with  p y r a n te l  on days 15 ,  34 
and 53 .  Mice were k i l l e d  and serum c o l l e c t e d  on day 54 .  Group 2 
mice were g iv e n  i n f e c t i o n s  o f  100 N. dubius  on days 0 ,  4 ,  8 ,  2 1 ,  24 
and 28 and t r e a t e d  w i th  p y r a n te l  on days  17 ,  2 0 ,  37 and 40 .  Mice 
were k i l l e d  and serum c o l l e c t e d  on day 4 1 ,  Egg cou nts  on days 14 
and 52 for  Group 1 and days  16 and 36 for  Group 2 are  shov/n in  Table 6 ,  
There was a la r g e  r e d u c t io n  in  egg counts  from th e  mice immunised with
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TABLE 6
Egg counts  ( e . p . g ,  x 10  ^ ) from mice immunized w ith  3 x 200  
normal N. dubius la rvae  (Group l )  and 6 x 100 normal dubius  
l a r v a e  (Group 2)
H X _ _ 1 4 ___ _ _ l l _ _ _ 3 6 _ _ _ 5 2
GROUP 1 40 -  -  22
GROUP 2 -  53 9
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6 X lOO N, dubius but a lthough th ey  were g iv e n  th e  same t o t a l  number
o f  p a r a s i t e s  the  group g iv e n  3 x 200 K» dubius did not  show a comp­
ara b le  r e d u c t io n .
SERUM TRANSFER
The serum c o l l e c t e d  from th e  mice g iven  m u l t i p l e  immunising  
i n f e c t i o n s  (above)  was used in  two exp er im ents .  The exp er im en ta l '
d e s ig n  for  both exper iments  i s  shown below:
GROUP f A - G>^ 
“1 0 4-1
DAY
4-6 -hS 4-12 -f-l 4 +20
A 1 100 Nd I K
B C 100 Nd 0 K
C 100 Nd I I K
D 100 Nd C 0 K
E 100 Nd I I K
F 100 Nd c C K
G 100 Nd K
Seven week old female NIH mice were g iv e n  1ml of 'immune'
c o n t r o l  C, serum ( c o l l e c t e d  from u n i n f e c t e d  CFLP mice) i / p  on th e  
days s p e c i f i e d .  The t im es  were chosen t o  a s s e s s  t h e  e f f e c t  of  serum 
on e s t a b l i s h i n g  l a r v a l  s t a g e s ,  (days - 1 ,  + l ) ,  on pre^emergence j u v ­
e n i l e  p a r a s i t e s  (days 4-6, +8.) and on th e  lumen-dwell ing  ad u l t  para­
s i t e s  (days 4-12, 4-14). The r e s u l t s  are shown in  Figure 2 - 3 ,  serum 
poo l  1 ,  (Experiment 34)  and in  Figure  2 - 4 ,  serum poo l  2 (Experiment 3 4 a ) .  
Worm r e c o v e r i e s  from the  t r e a t e d  groups are expressed  as p erce nta g e s  
of  c o n t r o l  r e c o v e r i e s .
Both p o o l s  o f  .'serum Were e f f e c t i v e  a g a in s t  N. dubius in  terms  
o f  numbers o f  worms r e c o v e r e d ,  and th e  g r e a t e s t  e f f e c t  o f  both was 
shown in  the  serum adm in is tered  on days -1 and 4-1 or 4-6 and -f8, i . e .  
when e s t a b l i s h i n g  l a r v a l  s t a g e s  and the pre-emergence j u v e n i l e
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FIGURE 2 -3
E f f e c t  o f  serum t r a n s f e r  on N, dubius i n f e c t i o n
(Serum pool  1 donors immunized 6 x 100 N, dubius
VJorm recovery as p ercentage  o f  c o n tr o l  Group G
(not  i l l u s t r a ted )
GROUP DAY and TYPE OF SERUM ADMINISTERED
A r l , +1 , immune ( l )
B -1 , +1 , c o n t r o l  (C)
C +6, +8, immune
D +6, + 8 , c o n t r o l
E +12 5 +14, immune
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FIGURE 2 - 4
E f f e c t  o f  serum on N, dubius i n f e c t i o n
(Serum pool 2 donors immunized 3 x 200 N. d u b i u s )
Worm r e c o v e r y  as p erce ntage  o f  c o n t r o l  Group G 
(not i l l u s t r a t e d )
GROUP DAY and TYPE OF SERUM A
A - 1 , +1 > immune ( l )
B +1 9 c o n t r o l  (C)
C + 6 , +8, immune
D +8, c o n t r o l
F. +12, + 1 4 , immune













p a r a s i t e s  were p r e s e n t .  The serum adm in is tered  p o s t  adu lt  emergence  
was i n e f f e c t i v e .  The e f f e c t s  however,  were s m a l l ,  on ly  a 26% red u c­
t i o n  at  best*
■Reoorts  from other  l a b o r a t o r i e s  have shown th a t  serum p o o l s  
taken' from animals immunised in  th e  same way have v a r i a b l e  a b i l i t y  
t o  p r o t e c t  n a ive  r e c i p i e n t s .  To a s s e s s  whether or not the  serum 
did  c o n t a in  any anti-worm a n t i b o d i e s  a double d i f f u s i o n  in  agar g e l  
was run between the  serum p o o l s  and a s a l i n e  e x t r a c t  o f  whole  ad u l t  
worm (homogenised).  In both c a s e s  t h i s  showed at l e a s t  one c r o s s  
r e a c t i o n .  However such a t e s t  i s  not a good measure o f  ' i n v i v o ' 
a c t i v i t y .  In v iew o f  th e  v a r i a b i l i t y  mentioned p r e v i o u s l y  and
s i n c e  th e  mice in  t h i s  experiment had been g iven  such a heavy immunis­
ing i n f e c t i o n  s ch ed u le  w ith  such a poor e f f e c t ,  i t  was dec ided  to  
d i s c o n t i n u e  serum t r a n s f e r s .
CELL TRANSFER
Having had on ly  l i m i t e d  s u c c e s s  w ith  serum t r a n s f e r s  a s e r i e s  
of  c e l l  t r a n s f e r s  was undertaken .  In th e  f i r s t  o f  t h e s e  a m u l t i p l e  
immunisation s c h ed u le  was employed t o  prime donors p r io r  to th e  
c o l l e c t i o n  o f  MLNC and SC and then t r a n s f e r  to  r e c i p i e n t s .  Twelve  
6 week o ld  NIH mice were i n f e c t e d  w i th  100 N. dubius on days 0 ,  3 ,
5 and 7 fo l lo w ed  by p y r a n te l  trea tm ent  on days 14 and 15.  Two days  
l a t e r  th e  mice  were r e - i n f e c t e d  w i th  300 N. dubius and a f t e r  seven  
days th ey  were k i l l e d  and t h e i r  MLN and s p le e n s  removed for  t r a n s f e r .  
R e c ip i e n t s  ( l 2  per group) r e c e iv e d  1 .5  x 10 MLNC or 1 .5  x lO SC 
and, t o g e t h e r  with  a group o f  c o n t r o l  an im als ,  were i n f e c t e d  w i th
100 N. dubius on th e  same day.  Mice were k i l l e d  in  groups o f  6 ,  -
e x ce p t  fo r  th e  MLNC group in  which on ly  2 were k i l l e d  on day 14.
T h is  was because th e r e  had been a number o f  c a s u a l t i e s  im mediate ly  
on i n j e c t i o n  o f  MLNC. The r e s u l t s ,  mean adult  worm r e c o v e r i e s ,  on
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FIGURE 2 -5  
C e l l  t r a n s f e r
Worm r e c o v e r i e s  (MVR -  SD) N. dubius days 14 and 28  
p o s t  i n f e c t i o n  w ith  lOO N. dubius
A 1 .5  X i c 7  MLK€ + 100 N. dubius
B ■ 1 .5  X lO^ SC + 1 0 0  N. dubius
C C o n t r o l ,  no c e l l s  + 100 N. dubius
C e l l  donors g iven  lOO N. dubius on days 0 ,  3 ,  5 and. 7 ,  
drug t r e a t e d  days 14 and 15. R e - i n f e c t e d  300 N. dubius 
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FIGURE 2-6
Egg counts  ( e . p . g .  x 10  ^ ) from groups on Figure 2 -5
GROUP
A 01 1 .5  X i c /  MLNC + lOO N. dubius
B D  1 . 5  X 10^  ^ SC + 100 N> dubius
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days 14 and 28 pos t  t r a n s f e r / i n f e c t i o n  and egg counts  ( e . p . g . ) ,  are  
shown in  F igures  2 -5  and 2 - 6  r e s p e c t i v e l y  (Experiment 3 5 ) .
The mean ad u lt  worm recovery  in  Group A, (MLÎ4C t r a n s f e r )  was
lower than t h a t  o f  c o n t r o l s  on days 14 and 28 but once  
again  th e  red u c t io n  was o n ly  o f  th e  order o f  24.9% on day 14 and 26% 
on day 28 .  The SC t r a n s f e r  group (Group B) had a mean worm r e c o v ery  
s i m i l a r  to  th a t  of  c o n t r o l  mice  on day 14 but was s l i g h t l y  low er ,  
by 10.6% on day 28 .  As w ith  serum t r a n s f e r ,  t h e  c e l l  t r a n s f e r  was 
only  m a rg in a l ly  e f f e c t i v e .  The egg coun ts  for  t h e s e  t h r e e  groups  
were s i m i l a r  throughout th e  whole o f  the  i n f e c t i o n  although th o se  
from th e  MLNC t r a n s f e r  group tended to  be lower ,  but not s i g n i f i c a n t l y ,  
than t h o s e  o f  th e  c o n t r o l  group.
In th e  second c e l l  t r a n s f e r  experiment (Experiment 36)  c e l l  
donors (NIH) were immunised by i n j e c t i o n  ( i / p )  o f  1 x 4000 exsheathed  
l a r v a e .  Donors were k i l l e d  23 days a f t e r  i n o c u l a t i o n  and MLNC and 
SC were prepared for  t r a n s f e r .  Groups o f  male NIH mice were i n j e c t e d  
( i / v )  w ith  1 .5  X 10 MLNC or 1 . 5  x 10 SC and t o g e t h e r  with  c o n t r o l s  
were i n f e c t e d  w ith  100 N. dubius on day 0.  R e c i p i e n t s  were k i l l e d  
on days 14 and 28 and th e  r e s u l t s ,  mean ad u l t  worm r e c o v e r i e s  and 
egg cou n ts  are shown in  F ig u r e s  2 - 7  and 2 -8  r e s p e c t i v e l y *
The mean a d u l t  worm r e c o v e r i e s  fo l lo w ed  a p a t t e r n  s i m i l a r  to  
t h a t  o f  th e  prev ious  experiment (Experiment 3 5 ) .  In th e  MLNC t r a n s ­
f e r  group they  were reduced by 20% on days 14 and 28 .  The SC t r a n s ­
f e r  group showed on ly  a 5% r e d u c t io n  in  mean worm recovery  compared 
w it h  c o n t r o l  a t  day 28 o n ly .  The egg counts  were c o n s i s t e n t l y  lower  
than in  the  p rev io u s  exper iment and again  th o se  from th e  MLNC t r a n s ­
f e r  group tended to  be lower than c o n t r o l s  throughout the  experiment .  
This  r e s u l t  was not as good ,  in  terms o f  p r o t e c t i o n ,  as some o f  t h o s e  
recorded by other  authors  u s in g  a s i m i l a r  approach.
F ac in g  page 148
FIGURE 2 -7  
C e l l  t r a n s f e r
Worm r e c o v e r i e s  (.W/R -  SD) N, dubius days 14 and 28 
p o s t  i n f e c t i o n  with  100 N. dubius
A 1 .5  X 10^ MLNC + 100 N. dubius
B 1 . 5  X 10^ SC + 100 N. dubius
C C o n t r o l ,  no c e l l s  + 100 N» dubius
C e l l  donors g ive n  1 x 4000 exsheathed  la r v a e  N. dubius i / p  
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FIGURE 2 -8
Egg counts  ( e . p . g .  x lO"^ ) from groups in Figure 2 -7  
GROUP
A O  1 .5  X 10*^  MLNC + 100 N. dubius
B D  1 .5  X 10^ SC + lOO N. dubius
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The r e s u l t s  from t h e  c e l l  and serum t r a n s f e r s  were not  s u f ­
f i c i e n t l y  c l e a r - c u t  to  a l low  a more d e t a i l e d  a n a l y s i s  o f  t h e  com­
ponents  in vo lved  in  t h e  immune respon se  a g a in s t  N. d u b iu s . As an 
a l t e r n a t i v e  to  the  immunising s c h e d u le s  which were employed,.an 
immunostimulant drug was adm in is tered  to  mice during N. dubius  i n f e c ­
t i o n  in  an a t t e m p t . t o  boos t  th e  re soon se  a g a in s t  th e  p a r a s i t e  to  
l e v e l s  which would a l lo w  e f f e c t i v e  c e l l  t r a n s f e r  exper im en ts .  The 
drug used was Coumarin ( 5 , 6  Benzopyrone) which has an enhancing  
e f f e c t  on the  mononuclear-phagocyte  system cau s ing  numbers and a c t ­
i v i t y  o f  macrophages to  in cr ease *  Coumarin was g iv e n  at  a dose  o f  
I mg/hodiÉL,in S% e thanol  in  p h y s i o l o g i c a l  s a l i n e  on each day o f  i n f e c ­
t i o n .  C o n tr o l s  r e c e iv e d  no treatment*  Both groups of  s i x ,  s i x  week 
old male NIH mice were i n f e c t e d  w i th  100 N. dubius and k i l l e d  on day 
20.  The numbers o f  worms recovered  (means) and egg cou n ts  ( e . p . g . )  
throughout  th e  course  o f  th e  experiment (Experiment 37) are shown 
in  F ig u r e s  2 - 9  and 2 -1 0  r e s p e c t i v e l y .  There was no d i f f e r e n c e  in  
egg count between groups during the exper iment.  Adult  worm r e c o v e r ­
i e s  were high for  a lOO worm i n f e c t i o n  and t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  between th e  groups at  au top sy ,  p o s s i b l y  because  o f  th e
-i v a r i a t i o n  in  th e  worm counts  which may have obscu­
red any d i f f e r e n c e  which e x i s t e d .  The mean worm recovery  for  th e  
Coumarin t r e a t e d  group (Group B) was 20% lower than t h a t  o f  th e  con ­
t r o l s *
As th e  prev iou s  experiment had not inc luded  a group g iv e n  2% 
eth an ol  in  p h y s i o l o g i c a l  s a l i n e  th e  experiment was r ep ea te d .  E igh t ­
een male NIH m ice ,  in  groups of  s i x ,  were i n f e c t e d  w ith  100 N. dubius  
on day 0. Group A r e c e iv e d  d a i l y  i n j e c t i o n s  ( i / p )  of  Coumarin in  
a lc o h o l  from day - 2 .  Group B r e c e iv e d  d a i l y  i n j e c t i o n s  o f  a l c o h o l  
and Group C r e c e iv e d  no i n j e c t i o n s .  Mean a d u l t  worm r e c o v e r i e s
F a c i n g  page  151
FIGURE 2 - 9
E f f e c t  o f  Coumarin ( l , 2  Benzopyrone) on N. dubius i n f e c t i o n
Worm r e c o v e r i e s  (N7/R -  SD) N. dubius day 20  p o s t  i n f e c t i o n  
w ith  lOO N. dubius
GROUP
A 100 N. dubius
B 100 N. dubius + Coumarin ( ! m g /m ^ i  in
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Egg counts  ( e . p . g ,  x 10  ^ ) from groups in F igure  2 - 9
GROUP
O ■ lOO N. dubius
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(day 20)  and egg counts  ( e * p . g . )  are shown in  F igures  2-11 and 2-12  
(Experiment 38)  r e s p e c t i v e l y .  The egg counts  from a l l  t h e s e  groups  
were s im i l a r  throughout  t h e  experiment .  The day 20 mean ad u lt  worm 
r e c o v e r i e s  did  not d i f f e r  s t a t i s t i c a l l y .
EFFECT OF SPLENECTOMY ON N. DUB I US INFECTION
As a f inal-  attempt t o  s t i m u l a t e  an e f f e c t i v e  respon se  a g a in s t  
N. dubius th e  course  o f  a primary and secondary i n f e c t i o n  o f  N. dubius  
was examined in s p len ec tom ised  mice .  Splenectomy i s  known to  have 
a marked e f f e c t  on t h e  r e s p o n s i v e n e s s  o f  th e  h o s t .  In t h i s  c a s e  i t  
was used in  an attempt to  boos t  th e  mononuclear phagocyte  system.  
Splenectomy i s  known to  in c r e a s e  p h a g o c y to s i s  at  other  s i t e s  in  th e  
animal and in a d d i t io n  to  remove any p o t e n t i a l  s u p p r e s s iv e  f a c t o r s  
or c e l l s  o r i g i n a t i n g  in  or r e s i d e n t  in  th e  s p le e n .
PRIMARY INFECTION
Twelve seven week old  male NIH mice were i n f e c t e d  with  300 
N. dubius on day 0 .  Two weeks e a r l i e r  s i x  o f  th e s e  mice had been 
s p len ectom ised  ( s e e  M a te r ia l s  and Methods),  The egg counts  from both  
groups were fo l lo w ed  from day 12 to  day 2 0 .  Mice in  both groups were  
k i l l e d  on day 20 and a d u l t  worms recovered .  The r e s u l t s ,  mean ad u lt  
worm r e c o v e r i e s ,  and egg counts  are shown in  F igures  2 -1 3  and 2 -14  
r e s p e c t i v e l y  (Experiment 3 9 ) .
There was no s i g n i f i c a n t  d i f f e r e n c e  in mean adu lt  worm r e c o v e r ­
i e s  on day 20 .  However, th e  egg c o u n t s ,  which had been s im i l a r  
throughout  th e  experiment changed d r a m a t i c a l ly  on day 20 .  There was 
a sudden 50% drop.pn th e  egg count from th e  sp le nec tom ised  group. .
The f i n a l  egg count was .made post-mortem so i t  was im p o s s ib le  to  say  
whether t h i s  had been a t e c h n i c a l  error  or a r e a l  e f f e c t  on th e  ad u l t  
female  worms.
Fa c i n g  page 154
FIGURE 2-11
E f f e c t  o f  Coumarin ( l , 2  Benzopyrone) on M. dubius i n f e c t i o n
Worm r e c o v e r i e s  (MWR -  SD) N. dubius day 20 p o s t  i n f e c t i o n  
w ith  100 N. dubius
GROUP
A 100 N. dubius f  Coumarin (25mg/kg d a i l y )
B lOO N. dubius t  2% a l c o h o l  d a i l y
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FIGURE 2-12
Egg counts  ( e . p . g .  x 10 ^ ) from groups in  F igure  2-11
GROUP
® 100 N. dubius + Coumarin
D  100 N. dubius -f .S%Alcohol
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FIGURE 9-13
E f f e c t  o f  splenectomy on N. dubius i n f e c t i o n
'Worm r e c o v e r i e s  (MWR -  SD) N. dubius day 20 p o s t  i n f e c t i o n  
w ith  300 N> dubius
GROUP
A 300 N. dubius


















F a c in g  paae  157
FIGURE 2 .1 4
Egg counts  ( e . p . g .  x lO  ^ ) from groups in  Figure  2-13
GROUP
O 300 N. dubius
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PRIMARY AND SECONDARY INFECTION
In t h i s  experiment (Experiment 40 )  th e  e f f e c t  o f  sp lenectomy  
upon a primary i n f e c t i o n  was re-examined and th e  e f f e c t  upon a 
secondary  i n f e c t i o n  was i n v e s t i g a t e d .  Eighteen male NIH mice  were 
s p len ec to m ised  and allowed 14 days  p o s t - o p e r a t i v e  rec o v ery .  These  
mice p lu s  a group o f  age-matched c o n t r o l s  were i n f e c t e d  with  300 
N, dubius on day 0 ,  The egg counts  from t h e s e  groups were fo l low ed  
fo r  75 days p o s t - i n f e c t i o n ,  a lthough on ly  the  f i r s t  35 days are  
shown (Figure  2 - 1 5 ) ,  S i x  o f  the mice from each of t h e s e  groups were  
k i l l e d  on days 21 and 85 p o s t - i n f e c t i o n .  Mean ad u lt  worm r e c o v e r i e s  
are shown in  F igure  2 - 1 6 ,  At day 35 o f  th e  primary i n f e c t i o n s  two 
fu r th er  grou p s ,  each o f  s i x  m ice ,  were t r e a t e d  with  p y r a n te l  ( t o  rem­
ove adult  worms) and t h e s e  t o g e t h e r  with  u n in f e c t e d  c o n t r o l s  were  
s u b s e q u e n t ly  c h a l l e n g e d  with  300 N, dubius on day 49 ,  The remaining  
two groups were used t o  f o l l o w  th e  egg counts  o f  th e  primary i n f e c ­
t i o n  u n t i l  day 75,
The mean adu lt  worm r e c o v e r i e s  from t h e  c h a l l e n g e  i n f e c t i o n  
g roup s ,  k i l l e d  day 36 p o s t - c h a l l e n g e  are shown in  F igure  2 -1 7 ,  %g 
counts  for  the  f i r s t  32 days o f  th e  c h a l l e n g e  i n f e c t i o n s  are shown 
in  F igure  2 -1 8 ,
There was some v a r i a b i l i t y  in  th e  egg counts  o f  the  mice in  the  
primary i n f e c t i o n s  but a t  no t im e  was t h e r e  a d i f f e r e n c e
between th e  groups ( s e e  F igur e  2 - 1 5 ) .  The mean ad u l t  worm r e c o v e r i e s  
from th e  primary i n f e c t i o n s  in  sp len ec to m ised  and c o n t r o l  a n im a ls ,  
day 21 and 85 were s i m i l a r  on both days a lthough t h e r e  was a s l i g h t  
drop in  mean worm r e c o v e r y ,  in  both groups on day 85.
The egg counts  from t h e  c h a l l e n g e  i n f e c t i o n  groups (F igure  2 -1 8 )  
d i f f e r e d  from t h e i r  c o n t r o l s  (primary i n f e c t i o n )  in  t h a t  they  had
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FIGURE 2-15
E f f e c t  o f  sp lenectomy on N. dubius i n f e c t i o n
Egg counts  ( e . p . g .  x 10“  ^ )
O 300 N. dubius
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FIGURE 2-16
E f f e c t  o f  splenectomy on N. dubius i n f e c t i o n
Mean r e c o v ery  -  SD) N. dubius days 21 and 85
p o s t  i n f e c t i o n  w ith  300 N, dubius
GROUP
A 300 N, dubius
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FIGURE 2-17
E f f e c t  o f  splenectomy on N. dubius i n f e c t i o n
Mean recovery  (M.7R -  SD) N. d u b i u s , day 36 p o s t  c h a l l e n g e  
w ith  300 N. dubius
GROUP
1*^  i n f e c t i o n _____ C hal lenge
A 300 N. dubius 300 N. dubius s p len ec to m ised  mice
B 300 N. dubius 300 N. dubius
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FIGURE 2 -1 8
E f f e c t  o f  splenectomy on N. dubius i n f e c t i o n
Egg counts  ( e . p . g .  x 10  ^ ) from groups in  Figure  2 -17
GROUP
A Ù  c h a l l e n g e  i n f e c t i o n  s p len ec to m is ed  mice
B D  c h a l l e n g e  i n f e c t i o n  in  normal mice
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an i n i t i a l ,  short  term, low l e v e l  o f  egg p ro d uct ion .  This occurred  
in  both c h a l l e n g e  i n f e c t i o n  groups and may have been due to  delayed  
development o f  N. d u b iu s . The mean adult  worm recovery  on day 36 
p o s t - c h a l l e n g e  was 10.2% lower than c o n t r o l s  in  th e  c h a l l en ged  group,  
and 9,1% lower in the  s p le n e c t o m is e d / c h a l l e n g e d  group, but not s i g n i f ­
i c a n t l y  d i f f e r e n t  from one another .  These r e s u l t s  i n d i c a t e  t h a t  th ere  
was no e f f e c t  of  splenectomy on th e  response  o f  NIH mice t o  primary  
or c h a l l e n g e  i n f e c t i o n  with  N. d u b iu s .
CAN ADULT N. DUBIUS BE EXPELLED FROM.THE INTESTINE?
Previous  attempts  t o  s t i m u l a t e  immunity had f a i l e d  t o  have much 
s u c c e s s  in  terms of th e  a b i l i t y  to  t r a n s f e r  the  response  t o  na ive  
r e c i p i e n t s  and no ev idence  had been obta ined  at any p o in t  to  i n d i c a t e  
t h a t  worms could be l o s t  from th e  gut a f t e r  they  had matured to  th e  
a d u l t  s t a g e .  One p o s s i b l e  e xp lan at ion  fo r  th e  l a t t e r  may be th a t  
N, dubius i s  e x c e p t i o n a l l y  r e s i s t a n t  t o  th e  a c t io n  on inflammatory  
changes w i t h i n  th e  i n t e s t i n e .  In order to  exmaine th e  s u s c e p t i b i l i t y  
of  N. dubius t o  i n t e s t i n a l  inflammation u se  was made of the  in f la m ­
matory changes induced by T. s p i r a l i s  i n f e c t i o n .  Adult N. dubius  
obtained  from day 9 o f  a primary i n f e c t i o n  in donor mice were r e c o v ­
ered and t r a n s p l a n t e d ,  50 at a t im e ,  i n t o  th e  i n t e s t i n e s  o f  mice  
which had p r e v i o u s l y  been i n f e c t e d  w i th  T» s o i r a l i s .
In th e  f i r s t  exper iment (Experiment 41)  s i x  male NIH mice were 
i n f e c t e d  with  315 T. s p i r a l i s  on day 0 ,  s i x  mice were i n f e c t e d  with  
300 N. dubius on th e  same day.  Worms from the  N. dubius i n f e c t e d  
mice were recovered from th e  i n t e s t i n e  on day 9 and t r a n s f e r r e d ,  50 
at  a t im e ,  by laparotomy t o  th e  smal l  i n t e s t i n e  o f  th e  s i x  mice i n f e c ­
ted  w i th  T. s o i r a l i s  and a l s o  to  the  small  i n t e s t i n e s  of  u n i n f e c t e d  
c o n t r o l  mice .  This  worm tr -n s T e r  was a t  a t ime when th e  inflammatory  
resp on se  in  th e  T. s p i r a l i s  i n f e c t e d  mice  was maximal,  as judged
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m a c r o s c o p ic a l ly .  F iv e  days a f t e r  t r a n s f e r ,  when T. s p i r a l i s  worms 
had been e x p e l l e d  from t h e  gu t  th e  mice in  both groups were k i l l e d  
and a d u l t  N. dubius were rec o v ered .  The r e s u l t s  are shown in  Figure  
2 - 1 9 .  Although there  vias  some v a r i a t i o n  w i th in  th e  groups the  r e c o v ­
ery. o f  N. dubius from mice which had been i n f e c t e d  with  T. s o i r a l i s  
(Figure  2 - 1 9 ,  Group A),  was s i g n i f i c a n t l y  lower than t h a t  from con­
t r o l s  (Group B).  In a subsequent  experiment (Experiment 42 )  th e  
same p r o t o c o l  was fo l low ed  except  t h a t  mice were k i l l e d  one day a f t e r  
t r a n s p l a n t a t i o n  o f  N. d u b iu s . The r e s u l t s  are shown in  F igure  2 - 2 0 .
On t h i s  o c c a s io n  t h e r e  was a s l i g h t  drop in th e  mean worm recovery  
from th e  T. s o i r a l i s  i n f e c t e d  group but t h i s  was not  s t a t i s t i c a l l y  
s i g n i f i c a n t  and s u g g e s t s  t h a t  N, dubius e s t a b l i s h e d  e q u a l ly  w e l l  in  
both groups o f  mice .
Three fu r th e r  experiments  were then carr ied  out u s in g  th e  p r o t o ­
c o l s  s e t  out below. Laparotomy at day 7 o f  T. s o i r a l i s  i n f e c t i o n  i s
an extremely  d i f f i c u l t  p ro ces s  because of  th e  in f lam ed ,  f l u i d - f i l l e d
i n t e s t i n e  so i t  was dec ided  to  bring forward t h e  worm t r a n s p l a n t s  
so t h a t  th e  day 9 N. dubius were i n s e r t e d  i n t o  th e  i n t e s t i n e s  o f  mice  
on day 2 o f  the  T. s o i r a l i s  i n f e c t i o n  b e fo r e  th e  inflammation had 
s u b s t a n t i a l l y  a l t e r e d  th e  g u t .
GROUP DAY
 _______ 0 1 2 ________ 3________ 13
A Tsp Nd^Q K
B K
C Tsp Nd^Q K
D Nd^o K
Groups A and B were k i l l e d  one day p o s t  t r a n s f e r  o f  th e  N. dubius to
a s s e s s  worm es ta b l i s h m e n t  and Groups C and D were k i l l e d  on day 13
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FIGURE 2-1 9
S u r v iv a l  o f  N. dubius (day 9) worms 5 days a f t e r  t r a n s f e r  to  
T» s o i r a l i s  i n f e c t e d  mice
Mean recovery  (M.VR -  SD) N. dubius
Worms t r a n s fe r r e d  on day 9 o f  T. s o i r a l i s  i n f e c t i o n
GROUP
A T. s o i r a l i s  + 50 N. dubius
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F IGURE 2 -2 0
S u r v iv a l  o f  N. dubius (day 9) worms 1 day a f t e r  t r a n s f e r  
to  T. s o i r a l i s  i n f e c t e d  mice
Mean recovery  (MWR -  SD) N. dubius
Worms t r a n s f e r r e d  on day 9 o f  T. s o i r a l i s  i n f e c t i o n
GROUP
A Tji s o i r a l i s  + 50 N. dubius




when T, s o i r a l i s  e x p u ls io n  should have been a l l  but com plete .  The 
r e s u l t s  o f  th e  th r e e  exper iments  (Experiments 4 3 ,  44 and 45)  are  
shown in  F igures  2 - 2 1 ,  2 -2 2  and 2 -23  r e s p e c t i v e l y .  In each e x p e r i ­
ment,  M. dubius  e s ta b l i s h m e n t  one day p o s t  t r a n s f e r  was th e  same in  
mice w i th  and w i th ou t  T. s o i r a l i s  i n f e c t i o n .  However in  the  groups  
k i l l e d  on day lO p o s t  t r a n s f e r  (day 12 o f  the  T. s o i r a l i s  i n f e c t i o n )  
t h e  worm r e c o v e r i e s  were c o n s i s t e n t l y  and s i g n i f i c a n t l y  lower in  the  
groups which had harboured a T. s o i r a l i s  i n f e c t i o n .  The r e s u l t s  
from a l l  t h e s e  exper iments  demonstrate  c l e a r l y  t h a t  under th e  c o r r e c t  
i n t e s t i n a l  c o n d i t i o n s ,  a d u l t  M, dubius can be e x p e l l e d  from the  
small  i n t e s t i n e .  The c o n d i t i o n s  in  t h i s  c a s e  were provided  by t h e  
in flammation  induced by T. s o i r a l i s  but the  r e s u l t s  n e v e r t h e l e s s  show 
th a t  mice  can produce th e  changes n eces s a ry  to  expel  N. dubius from 
th e  smal l  i n t e s t i n e .  Why th e y  f a i l  to  do t h i s  during an i n i t i a l  
N. dubius i n f e c t i o n  i s  t h e  key  q u e s t i o n .
N. DUBIUSÎ FIELD STRAIN
In t h i s  s e c t i o n  t h e  resp onse  of  NIH mice t o  th e  f i e l d  s t r a i n  
o f  N. dubius i s o l a t e d  from Aoodemus s v l v a t i c u s  i s  d e s c r ib e d .  Due 
t o  t h e  d i f f i c u l t i e s  in v o lv e d  in  producing la r g e  numbers o f  i n f e c t ­
i v e  la r v a e  o f  f i e l d  s t r a i n  p a r a s i t e  on ly  two short  experiments were 
undertaken .
The f i r s t  experiment (Experiment 46 )  examined th e  s u r v i v a l  o f  
f i e l d  s t r a i n  N. dubius in  NIH m ice .  Eight mice were i n f e c t e d  with  
150 N. dubius ( f i e l d )  on day 0 and four o f  t h e s e  were t r e a t e d  w ith  
c o r t i s o n e  a c e t a t e  as d e s c r ib e d  in  General  M a te r ia l s  and Methods; a l l  
mice were g iv e n  a n t i b i o t i c s  in  th e  d r ink ing  w ater .  Egg counts  from 
th e  groups are shown in  F igure  2 -2 4 .
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FIGURE 2-21
S u r v iv a l  o f  N» dubius (day 9) worms 1 day and 10 days 
a f t e r  t r a n s f e r  t o  T. s p i r a l i s  i n f e c t e d  mice
Mean rec o v ery  -  SD) N. dubius
Worms t r a n s f e r r e d  on day 2 o f  T. s o i r a l i s  i n f e c t i o n
GROUP
A T. s o i r a l i s  + 50 N* dubius ( l  day p o s t  t r a n s f e r )
B 50  N. dubius ( l  day p o s t  t r a n s f e r )
C T. s o i r a l i s  -f 50 N. dubius ( lO days p o s t  t r a n s f e r )





A B C D
group
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FIGURE 2 -2 2
S u r v iv a l  o f  N» dubius (day 9) worms 1 day and 10 days a f t e r  
t r a n s f e r  to  T. s o i r a l i s  i n f e c t e d  mice
Mean r e c o v ery  (.M//R -  SD) N. dubius
Worms t r a n s f e r r e d  on day 2 o f  T> s o i r a l i s  i n f e c t i o n
GROUP
A T_...s p i r a l i s  + 50 N. dubius ( l  day p o s t  t r a n s f e r )
B 50 N. dubius ( l  day p o s t  t r a n s f e r )
C T. s p i r a l i s  + 50 N> dubius (10 days p o s t  t r a n s f e r )









S u r v i v a l  o f  N. dubius (day 9) worms 1 day and 10 days  
a f t e r  t r a n s f e r  to  T. s o i r a l i s  i n f e c t e d  mice
Mean recovery  (M//R -  SD) N. dubius
Worms t r a n s f e r r e d  on day 2 of  T, s o i r a l i s  i n f e c t i o n
GROUP
A T> s o i r a l i s  + 50 N. dubius ( l  day p o s t  t r a n s f e r )
B 50 N, dubius ( l  day p o s t  t r a n s f e r )
C T. s o i r a l i s  + 50 N. dubius (lO days p os t  t r a n s f e r )
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FIGURE 2-24
S u r v iv a l  o f  N. dubius f i e l d  s t r a i n  in  NIH mice 
•  150 N. dubius ( f i e l d )  + CA
(150 N. dubius ( f i e l d )  no CA; no egg counts  ever  
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No egg counts  or ad u l t  worms were ever recorded from mice not  
t r e a t e d  w ith  c o r t i s o n e  a c e ta te *  The mice t r e a t e d  w ith  c o r t i s o n e  
a c e t a t e  gave egg counts  which r o s e  u n t i l  day 17 but then dropped o f f  
s l o w l y ,  t o  day 12 v a l u e s ,  by day 31* With such small  numbers worm 
r e c o v e r i e s  were d i f f i c u l t  t o  in t e r p r e t *  There were 64 and 59 worms 
on day 24 ,  and .54 and 0 worms on day 31. There appeared to  have  
been some l o s s  o f  worms from one o f  th e  mice but i t  i s  p o s s i b l e  t h a t  
t h e  i n f e c t i o n  did not e s t a b l i s h *  The drop in  egg counts  which o ccu r ­
red a f t e r  day 24 ,  i . e .  a f t e r  th e  f i r s t  mice were k i l l e d ,  could then  
be exp la ined  by th e  f a c t  th a t  on ly  one o f  th e  remaining mice would 
have been p a s s in g  eggs .  However, a g a in s t  t h i s  i n t e r p r e t a t i o n  i s  the  
p o s i t i v e  f in d in g  o f  eggs in  t h e  f a e c e s  o f  each mouse when i n d i v i d u a l  
smears were prepared up u n t i l  day 17 o f  i n f e c t i o n .
In th e  second experiment in  t h i s  s e c t i o n  (Experiment 47)  the  
o r i g i n a l  p r o t o c o l  was repeated  but extended to  compare t h e  a b i l i t i e s  
of  f i e l d  s t r a i n  and la b o r a to r y  s t r a i n  i n f e c t i o n s  to  immunize a g a in s t  
c h a l l e n g e  i n f e c t i o n  w ith  th e  l a t t e r .  The experimental  d e s ig n  i s  o u t ­
l i n e d  below:
GROUP DAY
____ 0 (10 ). ...... 35 0 (20) 20 35
A Nd ( f ) S Nd
B Nd ( f )  + CA S Nd 6^ %
C Nd ■s Nd % *^6
Group A mice were i n f e c t e d  with  100 M« dubius ( f i e l d )  and f i v e  were  
k i l l e d  on day 35 o f  i n f e c t i o n .  Seven days l a t e r  th e  remaining mice  
in  t h i s  group were c h a l l e n g e d  w ith  100 N. dubius ( la b o ra to ry )*  These  
mice had been t r e a t e d  w i th  p y ra n te l  on day 35 and were k i l l e d  on days  
20 and 35 p os t  c h a l l e n g e .  Group B mice were t r e a t e d  e x a c t l y  as Group 
A e x ce p t  t h a t  they  were g i v e n  c o r t i s o n e  a c e t a t e  every two days a f t e r
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th e  primary I n f e c t i o n .  This  was stopped on day 35 i . e .  one week 
b e fo r e  th e  c h a l l e n g e  i n f e c t i o n  with  normal la r v a e .  Group C were  
i n f e c t e d  with  lOO N» dubius on day 0 ,  and f i v e  were k i l l e d  on day 
35.  Fo l low ing  p yran te l  treatment  on day 35 th e  remaining mice were  
i n f e c t e d  with  lOO N. dubius on th e  same day as Groups A and B. The 
r e s u l t s  are shown in  F igure  2 -25  (primary i n f e c t i o n  day 35 mean worm 
r e c o v e r i e s )  F igure  2 -26  ( c h a l l e n g e  i n f e c t i o n  lab o ra to ry  s t r a i n  mean 
worm r e c o v e r ie s »  days 20 and 35) and Figure  2 -27  (egg counts  during  
th e  f i r s t  32 days o f  both primary and c h a l l e n g e  i n f e c t i o n s ) .  No 
worms were recovered from th e  f i e l d  s t r a i n  i n f e c t i o n  o f  th e  p a r a s i t e  
in  NIH mice ( s e e  Figure  2-25»  Group A) on day 35 p o s t  i n f e c t i o n .  In 
Group B, th e  c o r t i s o n e  a c e t a t e  t r e a t e d  group only  two out o f  f i v e  
mice had worms p res en t  a t  autopsy  g iv i n g  a low mean worm recovery  
for  the  group. The la b o r a to r y  i n f e c t i o n ,  Group C gave th e  expected  
high l e v e l  o f  recovery  at  day 35.  Egg counts  for Group A were n e g a t i v e ,  
by smear and f l o t a t i o n ,  throughout  th e  exper iment .  The c o r t i s o n e  
a c e t a t e  t r e a te d  group on th e  other  hand (Group B) was p o s i t i v e  for  
eggs  and gave counts  which remained at a very  low l e v e l  (F igure  2 - 2 7 ) .  
There may be a number of  reasons  for t h i s  and th e s e  w i l l  be g ive n  
in  th e  d i s c u s s i o n .  The primary lab ora tory  s t r a i n  i n f e c t i o n  gave high  
egg counts  throughout th e  experiment and d e s p i t e  th e  v a r i a b i l i t y  
h i g h l i g h t e d  a major d i f f e r e n c e  between lab ora tory  and f i e l d  s t r a i n s .
The c h a l l e n g e  i n f e c t i o n  with  th e  lab ora tory  s t r a i n  o f  t h e  i n f e c t i o n  
gave  some i n t e r e s t i n g  r e s u l t s  ( s e e  F igures  2 -26  and 2 - 2 7 ) .  The Group 
A mean worm recovery  on both days 20 and 35 p o s t  c h a l l e n g e  were lower  
than th o se  o f  th e  f i e l d  s t r a i n  ( c o r t i s o n e  a c e t a t e  t r e a t e d )  and l a b ­
ora tory  s t r a i n  c h a l l en g ed  (Group B) and th e  la b o ra to ry  s t r a i n  c h a l l e n ­
ged with  laboratory  s t r a i n  (Group C) i n f e c t i o n s .  The re d u c t io n  was 
12-25% on day 20 p o s t  c h a l l e n g e  but by day 35 had in cr ea se d  to  
The worm r e c o v e r i e s  for  the  four mice k i l l e d  on day 35 were 3 ,  5 ,  9
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and 115: w ith out  th e  l a t t e r  th e  group red u ct io n  would have been c l o s e r  
t o  90%. The Group B worm r e c o v e r i e s  were low on day 2 0 ,  on ly  81% of  
c o n t r o l  but by day 35 had reached c o n t r o l  v a lu e s  ( s e e  F igure  2 - 2 6 ) .
T h is  s u g g e s t s  a d e la y  in  th e  develooment of  the  p a r a s i t e  even though 
t h e  i^ice in  t h i s  group had been t r e a t e d  w i th  c o r t i s o n e  a c e t a t e  through­
out th e  immunsing i n f e c t i o n  w i th  th e  f i e l d  s t r a i n .  Group C gave  th e  
worm r e c o v e r i e s  normal ly  a s s o c i a t e d  w ith  a lOO x lOO la b o r a to r y  i n f e c ­
t i o n  c h a l l e n g e .  The egg co u n ts  from th e  c h a l l e n g e  i n f e c t i o n  were 
v ery  i n t e r e s t i n g .  Group A egg counts  were always lower than th ose  
o f  Groups B and C and th e  d i f f e r e n c e s  were most pronounced towards  
th e  end o f  th e  i n f e c t i o n ,  when i t  seems th a t  some worms had been l o s t  
from t h i s  group ( s e e  F ig u r e s  2 -26  and 2 - 2 7 ) .  As might have been exp­
ec ted  th e  egg counts  in  Group B which were immunised under c o r t i s o n e  
a c e t a t e  were not  as low as Group A and in  f a c t  remained s i m i l a r  to  
t h o s e  o f  Group C, th e  l a b o r a to r y  x lab ora tory  i n f e c t i o n .  The Group C 
egg counts  were however lower than expected  from mice  w ith  such a 
high (mean 9 9 .5 )  worm burden but t h e s e  low v a lu e s  can o n ly  be i n t e r ­
pre ted  in  terms o f  th e  e f f e c t  o f  th e  h o s t  on th e  development and 
maturat ion  o f  t h e s e  worms as a r e s u l t  o f  the  p r io r  exposure  to  the  
l a b o r a to r y  s t r a i n  o f  N. d u b iu s .  These r e s u l t s  h i g h l i g h t  th e  import­
ance o f  p a r a s i t e  s t r a i n  v a r i a t i o n s  in  th e  study o f  p a r a s i t e  e l i m i n a ­
t i o n  by th e  h os t  and a l s o  s u g g e s t  t h a t  th e  c h r o n i c i t y  o f  an N. dubius  
l a b o r a to r y  i n f e c t i o n  in  la b o r a to r y  mice may be th e  end r e s u l t  o f  a 
gradual s e l e c t i o n  p r o c e s s ;  a p r o c e s s  which has s e l e c t e d  for  a worm 
p o p u la t io n  which i s  r e l a t i v e l y  r e s i s t a n t  to  the  immune resp on se  o f  
th e  h o s t .
F a c i n a  o aae  175
FIGURE 2-25
S u r v iv a l  o f  N. dubius  f i e l d  s t r a i n  in  NIH mice  
(immunizing a b i l i t i e s  of  f i e l d  and lab o ra to ry  s t r a i n  
i n f e c t i o n s )
Mean recovery  (fv'VR -  SD) N> dubius day 35 p o s t  i n f e c t i o n  
GROUP
A 100 Nt dubius ( f i e l d )
B 100 N. dubius ( f i e l d )  + CA
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FIGURE 9-26
S u r v iv a l  of  N, dubius t^ -llot'â.l'cryst r a i n  in  NIH mice  
( immunizing a b i l i t i e s  o f  f i e l d  and lab o ra to ry  s t r a i n  
i n f e c t i o n s )
Mean recovery  (M.VR -  SD) N. dubius days 2 0 ,  35 p o s t  
c h a l l e n g e  lOO N. dubius ( la b o r a to r y )
GROUP
A 100 N, dubius ( f i e l d )  + 1 0 0  N. dubius
( la b o r a to r y )
B lOO N. dubius ( f i e l d )  + CA + lOO N. dubius
( la b o r a to r y )
C 100 N. dubius ( l a b o r a to r y )  + lOO N, dubius
( la b o r a to r y )
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F I GURE 2-27
Egg counts  ( e ,p ,g «  x 10  ^ ) from groups shown in  F igures  
2 - 2 5 ,  2 -2 6 .
N. dubius ( f i e l d )  —O— + 1 0 0  N. dubius - - Q —-
( la b o r a t o r y )
N. dubius ( f i e l d )  + CA #  + 100 N. dubius 0  —
Tlaboratory)
N. dubius ( la b o r a to r y )  + 100 N. dubius  g
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IRRADIATION AND N. DUBIUS
The f i n a l  s e c t i o n  o f  t h i s  t h e s i s  d e a l s  w ith  th e  e f f e c t  of  
i r r a d i a t i o n  on th e  growth,  s u r v i v a l  and reproduct ion  o f  N. dubius  
and su bseq u en t ly  with  th e  u s e  o f  i r r a d i a t e d  p a r a s i t e s  in  s t i m u l a t i n g  
Immunity. Part o f  th e  work i s  inc luded  in  th e  form o f  a paper p r e ­
pared in  con ju n ct ion  w i th  Dr J M Behnke and Miss Heather A Parish  of  
Nottingham U n i v e r s i t y .  The paper has been accepted for  p u b l i c a t i o n  
in  P a r a s i t e  Immunology.
EFFECT OF IRRADIATION AT 6 . 5  K.RADS.
In th e  f i r s t  experiment (Experiment 43)  p a r a s i t e s  were exposed  
to  6 . 5  k'.rads t o  a s s e s s  t h e  e f f e c t  o f  i r r a d i a t i o n  on growth and dev­
elopment .  This  dose  was chosen as p rev io u s  r e p o r t s  o f  the  e f f e c t  
o f  i r r a d i a t i o n  on nematode p a r a s i t e s  have shown t h a t  a t  doses  o f  about  
6 k .r a d s  th e  e g g / la r v a e  product ion  by female worms i s  d r a m a t i c a l ly  
a l t e r e d .  The dose  was g iv e n  t o  a batch o f  lar vae  as d es cr ib ed  in  
th e  m a t e r i a l s  and methods o f  t h i s  s e c t i o n .  Twelve male NIH mice were 
d iv id e d  in t o  2 groups ,  6 r e c e i v i n g  an i n f e c t i o n  of  100 normal lar vae  
and 6 r e c e i v i n g  100,  6 . 5  k'.rads i r r a d i a t e d  la r v a e .  Both t h e s e  groups  
were k i l l e d  on day 20 for worm r e c o v e r i e s  and both had egg counts  
taken  p e r i o d i c a l l y  during t h e  i n f e c t i o n .  The mean worm r e c o v e r i e s  
are  shown in  Figure  2 -28  and egg counts  In Figure  2 -2 9 .  The Cobalt  
60  i r r a d i a t i o n  had caused a s i g n i f i c a n t  drop in  th e  mean worm r e c o v ­
ery  from Group B When compared to  c o n t r o l ,  Group A. The egg counts  
from Group B did  not reach d e t e c t a b l e  l e v e l s  u n t i l  day 14 whereas  
c o n t r o l  animals in  Group A were p a s s in g  large  numbers o f  eggs by day 
12,  The maximum egg count from Group B was l e s s  than one t e n t h  of  
t h a t  from Group A.
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FIGURE 2-28
E f f e c t  o f  I r r a d i a t i o n  a t  6 . 5  k'.rads on N« dubius i n f e c t i o n
Mean r e c o v e r i e s  (M7JR -  SD) N. dubius on day 20  p o s t  
i n f e c t i o n  w ith  100 N. dubius
GROUP
A lOO N. dubius  normal larvae
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FIGURE 2 - 2 9
Egg counts ( e . p . g .  x 10 ^ ) from groups shown in  
F igure  2 -28
O lOO N. dubius normal larvae
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EFFECT OF VARIOUS DOSES OF COBALT 60 IRRADIATION ON N. DUBIUS
The p rev io u s  experiment had shown t h a t  Cobalt  60 i r r a d i a t i o n  
o f  l a r v a e  did have an e f f e c t  on t h e i r  subsequent s u r v i v a l  in  t h e  h o s t  
and on t h e i r  r e p r o d u c t iv e  p o t e n t i a l .  To extend th e  in form ation ,  bwo 
exper iments  were s e t  up t o  examine th e  e f f e c t s  o f  i r r a d i a t i o n  at  o ther  
l e v e l s .
In t h e  f i r s t  experiment (Experiment 49)  th e r e  were 24 mice (male 
NIH) i n  each group and each.mouse was i n f e c t e d  with  100 N. dubius  
which had i r r a d i a t e d  a t  th e  s p e c i f i e d  l e v e l s  ( 2 .5  K.rad,  7 , 5  K .rad ,
15 K .rad ,  25 k'.rad end u n i r r a d ia t e d  c o n t r o l s ) .  S i x  mice from each 
group were k i l l e d  on days 10 ,  14 ,  21 and 35 p o s t  i n f e c t i o n .  In th e  
second experiment (Experiment 50) t h e r e  were on ly  12 mice (male NIK) 
in  each group and t h e s e  were i n f e c t e d  as b e fo r e  and k i l l e d  on days  
14 and 35 p os t  i n f e c t i o n .  The r e s u l t s  are shown in  F igure  2 -3 0  (v/orm 
r e c o v e r i e s  on days lO, 14 ,  21 and 3 5 ,  Experiment 4 9 ) ,  F igure  2-31  
(egg co u n ts )  and in  Figure  2 -3 2  (worm r e c o v e r i e s  on days 14 and 3 5 ,  
Experiment 5 0 ) .
In Experiment 49 the  c o n t r o l  N, dubius r e c o v e r i e s  were lower 
than expected but s i n c e  t h e  same batch of  l a r v a e  was used for  the  
i r r a d i a t e d  groups th e  i n f a c t i v i t y  does not p r e s e n t  any problems for  
th e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s .  In a l l  grou p s ,  r e g a r d l e s s  o f  th e  
l e v e l  o f  i r r a d i a t i o n  u s e d ,  t h e  worm r e c o v e r i e s  remained approxim ate ly  
c o n s t a n t  throughout  the  experiment i . e .  t h e r e  was no evidence  for  a 
gradual l o s s  of  worms a f t e r  day 14, Only th e  15 K.rad and 25 K.rad 
showed any d e c r e a s e  in  th e  mean worm recovery  and t h e s e  two
groups remained below th e  c o n t r o l  v a l u e s .  The lo w es t  l e v e l  o f  i r r a d ­
i a t i o n ,  2 , 5  K .rad ,  seemed to  enhance th e  e s ta b l i s h m e n t  o f  th e  l a r v a e ;  
in  t h i s  group r e c o v e r i e s  were s i g n i f i c a n t l y  h igher  than th o se  o f  the  
c o n t r o l s  on a l l  days ex c e p t  day 21 ,  I r r a d i a t i o n  a t  2 , 5  k .r a d  had no
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FIGURE 2 -30
E f f e c t  of  i r r a d i a t i o n  at  0 ,  2 . 5 ,  7 . 5 ,  15 and 25 K.rad  
on i n f e c t i o n  with  N. dubius
Mean r e c o v e r i e s  (M//R -  SD) N. dubius at  days 10,  14 ,  21 
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FIGURE 2-31
E f f e c t  o f  i r r a d i a t i o n  a t  0 ,  2 , 5 ,  7 . 5 ,  15 and 25 K.rads  
on egg counts  ( e . p . g ,  x 10  ^ ) from N. dubius i n f e c t e d  
mice shown in  Figure  2 - 3 0
O 100 N. dubius normal la rvae
® 100 N. dubius 2 . 5  K.rad i r r a d i a t e d  la r v a e
O 100 N. dubius 7 . 5  K.rad i r r a d i a t e d  la r v a e
No egg counts  were recorded from mice g iv e n  i n f e c t i o n s  with  
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FIGURE 2-32
E f f e c t  o f  i r r a d i a t i o n  at  0 ,  2 . 5 ,  7 . 5 ,  15 and 25 K.rads  
on i n f e c t i o n  with  N. dubius
Mean r e c o v e r i e s  (MA'R -  SD) N. dubius at  14 and 35 days  












d e t e c t a b l e  e f f e c t  on egg cou n ts  ( s e e  F igure  2 - 3 l )  and mice in  t h i s  
group gave s im i l a r  v a lu e s  t o  t h o s e  of  c o n t r o l s .  In keeping w ith  the  
p r e v io u s  r e s u l t  ( a t  6 . 5  K .r a d ) ,  i r r a d i a t i o n  a t  7 . 5  K.rad c o m p le te ly  
ab o l i sh ed  egg product ion  from female worms. No egg product ion  was
eyej  recorded fo r  the  15 k .r ad  and 25 k .rad  i r r a d i a t e d  groups.  In
' ' '' ■
th e  second experiment (Experiment 50)  mean worm r e c o v e r i e s  on days  
14 and 35 of  i n f e c t i o n  fo l l o w e d  t h e  p a t t e r n  s e t  in  th e  p rev io u s  
experiment ( s e e  Figure  2 - 3 2 ) .  No egg counts  were made. As in  th e  
p r e v io u s  experiment low l e v e l s  o f  i r r a d i a t i o n ,  ( 2 .5  k .rad and 7 . 5  k .r a d )  
had l i t t l e  e f f e c t  on worm s u r v i v a l  but above 10 k .rad  a marked reduc­
t i o n  was e v id e n t .
IS THE REDUCTION IN \TORM NUMBERS DUE TO IRRADIATION DAMAGE OR 
TO A HOST IMMUNE RESPONSE?
To answer t h i s  q u e s t i o n  an experiment (Experiment 51)  was s e t  
up u s in g  the  experimental  d e s ig n  s e t  out below;
GROUP DAY
0  4"14  + 2  ].
A 100 Nd  ^ 15 k .rad  CA CA CA
B 100 Nd ^ 15 k .r ad
C 100 Nd
S i x  week old male NIH m ic e ,  were i n f e c t e d  w i th  lOO normal N. dubius
or w i th  100 N. dubius which had been i r r a d i a t e d  at  15 k .rad
(lOO Nd ^  15 k . r a d ) .  Group A m ice ,  which were i n f e c t e d  with  i r r a d ­
i a t e d  la r v a e  were g iv e n  c o r t i s o n e  a c e t a t e  on days 14 ,  l6  and 18 to
suppress  th e  t i s s u e  response  a g a in s t  th e  p a r a s i t e s .  The mice were  
k i l l e d  as shown and th e  mean ad u l t  worm r e c o v e r i e s  are shown in  
Figure  2 -3 3 .  The day 14 k i l l  o f  Groups B and C gave  th e  i n i t i a l  
es ta b l i s h m e n t  l e v e l s  of  15 k .rad  and normal la r v a e  r e s p e c t i v e l y .  
These r e s u l t s  agree with  th o se  o f  the  p rev io u s  experiment and show
F ac ing  paoe 186
FIGURE 2-33
E f f e c t  o f  i r r a d i a t i o n  at  15 k .r a d s  on i n f e c t i o n  w i th  
N. dubius
Is t h e  red u ct ion  in worm numbers due to  i r r a d i a t i o n  
damage or a host  immune resp on se?
Mean recovery  (MVR -  SD) N. dubius at  days 14 and 21 p o s t  
i n f e c t i o n  w ith  100 N. dubius
GROUP DAY
0 4*14 4*21
A 100 Nd (15 k . r a d )  CA CA CA



















t h a t  t h e  e s ta b l i s h m en t  o f  a d u l t  worms from i r r a d i a t e d  la r v a e  was mark­
ed ly  reduced compared to  c o n t r o l s .  The r e s u l t s  for day 21 show th a t  
c o r t i s o n e  a c e t a t e  treatm ent  did not a l t e r  th e  numbers of  p a r a s i t e s  
recovered  from mice i n f e c t e d  w ith  i r r a d i a t e d  la r v a e .  This s u g g e s t s  
th a t  th e  decreased  rec o v ery  o f  worms i s  due t o  th e  i n i t i a l  i r r a d i a ­
t i o n  damage and not to  a h o s t  immune res p o n se .  Groups A and B gave  
s i m i l a r  r e s u l t s  and both were s i g n i f i c a n t l y  lower than c o n t r o l s .
This  experiment would have been b e t t e r  c o n t r o l l e d  by having a 15 k .rad  
group t r e a t e d  w i th  c o r t i s o n e  a c e t a t e  from th e  beginning o f  th e  i n f e c ­
t i o n .
EFFECT OF IRRADIATION ON THE IMMUNOSUPPRISSIVE ACTION OF N. DUBIUS
The r e s u l t s  from t h e  p rev iou s  experiments  i n d i c a t e  t h a t  i r r a d ­
i a t i o n  w i th  Cobalt  60 can have a dramatic e f f e c t  on N. d u b iu s . Before  
examining the  use  o f  i r r a d i a t e d  la r v a e  in  s t im u la t in g  immunity the  
immunosuppressive a c t io n  of  i r r a d i a t e d  p a r a s i t e s  was examined.  Once 
again  T. s p i r a l i s  e x p u l s io n  was used as a measure o f  the  s u p p r e ss iv e  





A 300 Nd + T s p «6 ^6
B 300 Nd ( 7 . 5  k .r a d )  + Tsp — ^6
C 300 Nd (15 K.rad) + Tsp - ■<6
D 1500 Nd (15 k .r a d )  + Tsp ^3 -
E 300 Nd - ^3
F Tsp ^6 "(6
Group D were g iven  1500 N. dubius ( l 5  k . r a d )  in  an attempt to  i n c r e a s e  
th e  number o f  p a r a s i t e s  which would s u rv iv e  to  th e  lumen s t a g e  and 
th u s  t o  compensate fo r  th e  i r r a d i a t i o n  damage t o  the  p a r a s i t e .  Hovjever, 
t h i s  l e v e l  o f  I n f e c t i o n  was found to  be more than th e  mice could  t o l e r a t e
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and so a l l  o f  th e  mice in  th e  group were k i l l e d  by day 12* T. s o i r a l i s  
i n f e c t i o n s  were with  300 la r v a e  throughout .  T. s o i r a l i s  mean adult  
worm r e c o v e r i e s  are shown in  Figure  2 - 3 4 .  N, dubius worm r e c o v e r i e s  
are not  shown but they  were s im i l a r  ( r e l a t i v e l y )  t o  th o se  obtained  
in  e a r l i e r  experiments  u s in g  i r r a d i a t e d  la r v a e .  The day 8 k i l l s  were  
made to  check th e  e s ta b l i s h m e n t  o f  T. s o i r a l i s  in  N. dubius i n f e c t e d  
(Group, a ) mice and in  u n in f e c t e d  c o n t r o l  (Group F) mice .  The 
T. s o i r a l i s  r e c o v e r i e s  in  Groups A and F were s im i l a r  on day 8 ( s e e  
Figure  2 - 3 4 ) .  By day 12 almost  a l l  th e  T. s o i r a l i s  had been e x p e l l e d  
from th e  c o n t r o l s  (Group F) and no T» s o i r a l i s  were recovered on day 
16.  Group A T. s o i r a l i s  mean worm recovery  was h igher  than would  
normally be recovered from a 12 day o ld  i n f e c t i o n  (compare c o n t r o l  
Group P) and fo l low ed  th e  p a t t e r n  s e t  in  Experiments 1 and 2 .  The 
day 16 mean worm recovery  for  Group A was lower than th a t  fo r  day 12 
su g g e s t i n g  a gradual l o s s  o f  ad u lt  worms. As b e fo r e  i n f e c t i o n  with  
300 N. dubius de layed  t h e  ex p u ls io n  of  th e  concurrent  T. s o i r a l i s  
i n f e c t i o n .  The other  grou ps .  Groups B,  C and D showed th e  delayed  
ex p u ls io n  p a t t e r n  of  Group A ra th e r  than th e  normal e x p u ls io n  p a t t e r n  
o f  Group F (Figure 2 - 3 4 ) .  So i t  appears t h a t  even w ith  the  degree  
o f  i r r a d i a t i o n  damage caused by 15 k .r a d .  th e  su pp ress ion  caused by 
N. dubius s t i l l  o p era te s  a g a in s t  the  mechanisms invo lved  in  r e s i s t ­
ance a g a in s t  T. s o i r a l i s .
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FIGURE 2 -34
E f f e c t  o f  I r r a d ia t i o n  on th e  immunosuppressive a c t io n  
of  N, dubius
Mean recovery  (M.VR -  SD) T. s o i r a l i s  at  days 8 ,  12 and 
16 p o s t  i n f e c t i o n  ‘
GROUP
A 300 Nd + Tsp
B 300 Nd (7 .5  k .r a d )  + Tsp
C 300 Nd (15 k .r a d )  f . T s p
D 1500 Nd (15 k . r a d )  + Tsp
E 300 Nd

































USE OF IRRADIATED LARVAE IN STIMULATING IM-^UNITY TO N. DUBIUS
STIMULATION OF IMMUNITY TO N51AT0SPIR0IDES DUBIUS IN MICE 
USING LARVAE ATTENUATED BY COLBALT 60 IRRADIATION 
To be publ ished  in  P a r a s i t e  Immunology.
SUMMARY
I n f e c t i v e  lar vae  of  Nematoso iro ides  dubius a t ten uated  by 
c o b a l t  60  i r r a d i a t i o n  are  extremely  e f f e c t i v e  at  s t im u l a t i n g  immunity.  
P r e v i o u s l y ,  such l e v e l s  o f  p r o t e c t i o n  could on ly  be obtained  with  
m u l t i p l e  immunizations o f  normal lar vae .  The c r i t i c a l  f a c t o r  under­
l y i n g  t h i s  p r o t e c t i v e  respon se  appears t o  be th e  dose of  i r r a d i a t i o n  
g iv e n  to  th e  immunizing i n f e c t i o n .  Various doses  o f  i r r a d i a t i o n  have 
been t e s t e d  and the  most e f f e c t i v e  o f  t h e s e  range between 10 -  30 Krad, 
The experiments  show t h a t  provided  t h i s  l e v e l  of  i r r a d i a t i o n  i s  u s ed ,  
t h e  number o f  immunizing i n f e c t i o n s  i s  r e l a t i v e l y  unimportant.  Such
u s e  o f  i r r a d i a t e d  la r v a e  w i l l  be of  v a lu e  in  a t tempting  to  ana lyse
t h e  immune mechanisms which opera te  a g a in s t  N, d u b iu s . The p o s s i b l e
mechanisms o f  immunity to  N. dubius are d i s c u s s e d .
KEY WORDS; N em atoso iro ides  d u b i u s , nematode,  immunity,  
i r r a d ia t e d  la r v a e .
INTRODUCTION
The nematode,  N em atoso iro ides  dubius (Hellamosomoldes o o l v a v r u s ) 
in  mice p rov id es  a co n v e n ie n t  l a b o r a to r y  model o f  a chronic  p a r a s i t i c  
i n f e c t i o n .  A fter  an 8-day  t i s s u e  phase in  th e  muscular w a l l  of  the  
g u t ,  t h e  p a r a s i t e s  emerge to  the  lumen o f  th e  small  i n t e s t i n e ,  where,  
as a d u l t s ,  th ey  can s u r v iv e  for  up t o  8 months (Ehrenford 1954 ) .
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Coupled w ith  t h i s  long s u r v i v a l  i s  th e  f a i l u r e  o f  a primary  
i n f e c t i o n  to  s t i m u la t e  p r o t e c t i v e  immunity to  a subsequent c h a l l e n g e .  
Most at tempts  to  s t i m u l a t e  immunity have used m u l t i p l e  immunization  
s c h e d u le s  in v o lv in g  a s e r i e s  o f  i n f e c t i o n s  and drug trea tm en ts  (Behnke 
and Par ish  1979a) ,  As shown by Prowse,  By and Jenkin ( l 9 7 8 ) ,  two 
i n f e c t i o n s  would appear to  be the  minimum e f f e c t i v e  immunizing d ose .  
They found one dose to  be i n e f f e c t i v e  but obta ined  g r e a t e r  than 95% 
p r o t e c t i o n  w ith  two d o s e s .
The use  o f  i r r a d i a t i o n - a t t e n u a t e d  p a r a s i t e s  t o  s t i m u l a t e  immunity 
has never been attempted in  t h i s  system, although th e  e f f e c t s  o f  
c o b a l t  60 i r r a d i a t i o n  on t h e  s u r v iv a l  of  th e  p a r a s i t e  have been rep ­
orted  (Behnke, Parish  and Hagan 1980) .  I f  i r r a d i a t i o n - a t t e n u a t e d  
p a r a s i t e s  proved to  be e f f e c t i v e  i t  would provide  an ex tremely  u s e f u l  
t o o l  w ith  which to  e v a lu a te  th e  immune mechanisms t h a t  o p e r a t e ,  o f t e n  
i n e f f e c t i v e l y ,  a g a in s t  N. d u b i u s ,
This  paper d e s c r i b e s  th e  r e s u l t s  o f  experiments d es igned  to  
determine f i r s t l y ,  whether i r r a d i a t e d  p a r a s i t e s  do s t i m u l a t e  immunity,  
and seco n d ly ,  th e  combination of  d ose  o f  i r r a d i a t i o n  and number of  
immunizing d oses  t h a t  i s  most e f f e c t i v e  in  s t i m u la t in g  t h i s  immunity.
MATERIALS AND METHODS
Experiments were c a r r i e d  out in  both Nottingham and Glasgow 
U n i v e r s i t i e s .
ANIMALS
Inbred male NIH mice were used in  a l l  experiments .  These were  
purchased from Hacking and C hurch i l l  Limited (Huntingdon) or bred 
under c o n v en t io n a l  animal house c o n d i t i o n s  in th e  Zoology Department  
of  Nottingham U n i v e r s i t y .  Mice ,  6 - 8  weeks old at  the  s t a r t  o f  each  
exper im ent ,  were k i l l e d  in  groups of  s i x  or seven .
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NB^ATOSPIROIDS DUBIUS
The s t r a i n  o f  N. dubius  used in  t h e  p r e s e n t  s tudy  was obta ined  
in  1975 from th e  Wellcome Research L a b o r a t o r i e s , Beckenham, and has 
s i n c e  been mainta ined  in  outbred CFLP m ice .  The maintenance o f  the 
p a r a s i t e ,  and th e  methods used f o r  i n f e c t i o n  and r e c o v ery  o f  worms 
have a lread y  been d e s c r ib e d  (Behnke and Wakelin 1977 ,  Jenkins  and 
Behnke 1977) ,
IRRADIATION OF INFECTIVE LARVAE
Larvae were i r r a d i a t e d  u s in g  a c o b a l t  60  source  as d e s c r ib e d  
by Behnke e t  a l . ( i 9 6 0 ) .
ANTHELMINTIC
Pyrante l  embonate ( s t r o n g i d - P  p a s t e ,  P f i z e r )  was used t o  remove 
a d u l t  N. dubius from i n f e c t e d  mice .  A dose  o f  100 mg/kg was a d m in is t ­
ered o r a l l y  as an aqueous s u sp e n s io n .  Th is  dose  l e v e l  i s  known to  
be adequate fo r  th e  removal o f  a l l  a d u l t  worms from the  i n t e s t i n a l  
lumen (Behnke and VVakelin. 1977) .
FAECAL EGG COUNTS
Half a gram to  one gram o f  f r e s h  f a e c e s  c o l l e c t e d  each morning 
from t h e  poo led  f a e c e s  o f  a l l  th e  mice  in  each group was d i s p e r s e d  
i n  30ml o f  50% s a tu r a te d  s a l i n e .  This  s usp en s ion  was washed through  
a s i e v e  (ap ertu re  s i z e  300 microns)  w ith  100% s a tu r a ted  s a l i n e  and 
th e  eggs were counted a f t e r  f l o t a t i o n  in  standard McMaster cou n t ing  
s l i d e s  as d e s c r ib e d  by Gordon and Whitlock ( l 9 3 9 ) .
The counts  were, ex p ressed  as the  number o f  eggs per gram of  
fa ece s*
STATISTICAL ANALYSIS OF RESULTS
The r e s u l t s  were ana lysed  by t h e  non-parametric Wilcoxon t e s t .
A v a lu e  o f  P 0. 05  was c o n s id e r e d  to  be s i g n i f i c a n t .
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RESULTS
EFFECT OF IMMUNIZATION WITH NORMAL OR IRRADIATED LARVAE
In th e  f i r s t  experiment (Experiment 5 3 ) ,  two groups o f  mice were  
i n f e c t e d  w i th  200 normal or 200 ,  lO krad i r r a d i a t e d  la r v a e  on day 0 
and both th e s e  groups ,  p lus  a group o f  age matched c o n t r o l s ,  were  
t r e a t e d  with  p yran te l  on days 34 and 35.  A l l  the  groups were i n f e c t e d  
w ith  lOO normal la r v a e  on day 42 and mice were k i l l e d  on 14 and 35 
days p o s t  c h a l l e n g e .  The r e s u l t s  are shown in  F igure  2 -3 5 .
A second experiment (Experiment 54)  us in g  a sh o r ter  immunizing 
period  and 25 krad i r r a d i a t e d  la r v a e  was car r ie d  out.  Two groups o f  
mice were i n f e c t e d  with  lOO normal or 100 i r r a d i a t e d  larvae  on day 0 
fo l l o w e d  by p y ra n te l  trea tm ent  on days 1 4  and 15.  C hal lenge  i n f e c t i o n  
was g iv e n  on day 28 and a l l  groups ,  in c lu d in g  c h a l l e n g e  c o n t r o l s ,  were  
k i l l e d  on day 14 p o s t  c h a l l e n g e .  The r e s u l t s  are shown in  Table 7 *
In Experiment 5 3 ,  l a r v a e  i r r a d i a t e d  at  10 krad c l e a r l y  conferred  
g r e a t e r  p r o t e c t i o n  a g a in s t  a subsequent c h a l l e n g e  than did  normal 
l a r v a e ,  as a s s e s s e d  by worm r e c o v e r i e s  on both day 14 and day 35 p os t  
c h a l l e n g e .  Although,  in  terms o f  numbers o f  worms re c o v e r e d ,  th ere  
was no s i g n i f i c a n t  d i f f e r e n c e  in  immunizing c a p a c i t y  between normal 
and 25 krad i r r a d ia t e d  la r v a e  in  Experiment 5 4 ,  u n l ik e  Experiment 53 ,  
th e  c h a l l e n g e  worms recovered were sm al ler  and l e s s  mature than th o s e  
recovered  from mice immunized w i th  normal la r v a e .  I t  would seem,  
t h e r e f o r e ,  t h a t  mice immunized w i th  i r r a d i a t e d  lar vae  are  more capable  
of  a r r e s t i n g  th e  development ( s e e  Behnke and Parish  1979b) o f  a sub­
sequent  c h a l l e n g e  than are mice immunized with  normal larvae*
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FIGURE 2-35
Mean worm r e c o v e r i e s ,  days 14 and 35 p o s t  c h a l l e n g e .
Mice immunized w i th  200 normal l a r v a e ,  or
l i l l l l l l l  (lO K.rad) i r r a d i a t e d  la r v a e .  Control  group,
O  no prev ious  i n f e c t i o n .  C hal lenge  i n f e c t i o n



















Comparison of normal and i r r a d i a t e d la r v a e  in s t i m u la t io n  o f  immunity
Immunization
Worm r e c o v e r i e s  (Mean -  S . D , )  
Day +14 p os t  c h a l l e n g e  
(lOO N. dubius)
A 1 X 100 (25 krad) larvae 51 -  14 ,5
B 1 X 100 (normal)  la r v a e 72 t  10 ,5
C No immunization 92 -  10 ,1
A vs  C, B vs  C, P*< 0 , 0 5  both combinat ions
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EFFECT OF DIFFERENT DOSES OF IRR.ADIATION ON IMAtUNCGENICITY OF
N. DUBIUS LARVAE
The above r e s u l t s  showed t h a t  i r r a d i a t e d  la r v a e  were more e f f e c t ­
i v e  at  s t im u la t in g  immunity than normal l a r v a e .  An i n v e s t i g a t i o n  of  
th e  e f f e c t  of  vary in g  t h e  dose o f  i r r a d i a t i o n  on t h e  immunogenicity  
of  la r v a e  was undertaken .  A . t o t a l  o f  f i v e  experiments  was c a r r ie d  
ou t .  In two o f  t h e s e ,  a p r o t o c o l  s im i l a r  to  t h a t  o f  Experiment 53 
was u s e d ,  but w ith  mice k i l l e d  on day 35 p o s t  c h a l l e n g e  on ly  and mice  
i r r a d i a t e d  at  5 ,  10 ,  15 ,  2 0 ,  30 and 40  krad.  The combined r e s u l t s  are  
shown in  Figure  2-36  (Experiment 5 5 ) .  In a fu r th e r  experiment groups  
o f  mice were i n f e c t e d  w i th  300 normal,  7 . 5 ,  15 or 25 krad i r r a d i a t e d  
l a r v a e ,  t r e a t e d  with  p y r a n te l  on days 14 and 15 ,  and c h a l l e n g e d  w ith  
100 normal la r v a e  on day 18.  A l l  th e  mice were k i l l e d  14 days l a t e r .  
The r e s u l t s  are shown in  Table  8 (Experiment 5 6 ) .
In both t h e s e  exp er im en ts ,  th e  p r o t e c t i v e  e f f e c t  o f  immunizing 
w ith  i r r a d i a t e d  la r v a e  in c r e a se d  w ith  in c r e a s i n g  dose o f  i r r a d i a t i o n .  
Although t h i s  i s  e v i d e n t  from the  mean worm r e c o v e r i e s  shown in  F igure  
2 - 3 6 ,  th e  v a r i a t i o n  w i t h i n  th e  groups was l a r g e .  However, as the  
f i g u r e s  shown above th e  b a r l i n e s  i n d i c a t e ,  th e  numbers o f  mice in  each  
group which w e r e >90% p r o te c te d  a g a in s t  a c h a l l e n g e  i n f e c t i o n  in cr ease d  
w ith  i n c r e a s i n g  dose o f  i r r a d i a t i o n .
EFFECT OF VARYING THE NUMBER OF IMMUNIZING DOSS ON THE RESPONSE
TO CHALLENGE INF3CTI0N
In t h i s  experiment (Experiment 57)  a l l  immunizing doses  were o f  
300 normal or 300 ,  25 krad i r r a d i a t e d  la r v a e .  Four groups o f  mice  
were immunized at 16 day i n t e r v a l s  w ith  4 x ,  3 x ,  2x and Ix 30 0 ,  25 krad 
i r r a d i a t e d  la r v a e  and two other  groups were immunized with  4x and Ix  
normal la r v a e .  Each immunizing d ose  was terminated u s in g  p y r a n te l
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TABLE 8 
Experiment 5 ô .
E f f e c t  o f  dose o f  i r r a d i a t i o n  on immunity s t im u la ted  by 
N. dubius larvae
Immunization
Worm r e c o v e r i e s  (Mean -  S . D . )  
Day +14 p o s t  c h a l l e n g e  
(lOO N« dubius)
A 1 X 300 (25 krad) larvae 58 - 9 .6
B 1 X 300 ( l 5  krad) lar vae 71 t 1 0 .6
C 1 X 300 ( 7 . 5  Krad) l a r v a e 77 t 9 . 9
D 1 X 300 (normal) la r v a e 85 t 10 ,6
E No immunization 91 t 1 1 .0
A vs C, A vs  D, A vs  E, B vs D, B vs E, P <C0.05 a l l  com binat ions .
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FIGURE 2-36
Mean worm r e c o v e r i e s ,  day 35 p o s t  c h a l l e n g e  from mice  
immunized with  300 la r v a e  i r r a d i a t e d  at. 0 ,  5 ,  1 0 ,  15 ,  
20, ‘ 30 and 40 k .r a d .  Contro l  group, no prev ious  
i n f e c t i o n  • C ha l len ge  i n f e c t i o n  100 normal
N. dubius l a r v a e .  F igures  above b a r l i n e s  i n d i c a t e  
the  number o f  mice in  each group, 90;é p r o t e c t e d ,  
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FIGURE 2-37
Pattern  of  egg prod u ct ion  in  groups o f  mice a f t e r  
c h a l l e n g e  i n f e c t i o n  w i th  100 normal N. dubius  l a r v a e .
D  immunized 1 x 300 normal N. dubius
O immunized 1 x 300 (25 K.rad) N. d u b i u s , p r io r  t o  ch a l l en ge ,  
O Control  group, no p rev io u s  i n f e c t i o n .
Counts expressed  as eggs per gram of  f a e c e s .
80.
V
10 12 14 16 18 20 22 24 & 28 3Û 
d a y s  p o s t c h a llen g e
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FIGURE 2 -3 8
Mean worm r e c o v e r i e s ,  day 35 p o s t  c h a l l e n g e  w i th  100 
normal N. dubius la r v a e .  Groups of  mice immunized 
I x ,  2 x ,  3x and 4x 300 (25 K.rad) i r r a d i a t e d  N. dubius  
or Ix  and 4x normal N. dubius p r io r  to  c h a l l e n g e .  




















a f t e r  14 days .  A l l  grou p s ,  Inc lud ing  age matched c o n t r o l s  were  
c h a l l e n g e d  with  100 normal l a r v a e  and k i l l e d  on day 35 p os t  c h a l l e n g e .  
Faeca l  egg counts  from t h e s e  groups are shown in Figure  2 -3 7  and day 
35 p o s t  c h a l l e n g e  worm r e c o v e r i e s  in  F igure  2 -3 8 .  This  experiment  
again  showed a c l e a r  d i f f e r e n c e  between th e  e f f e c t i v e n e s s  o f  normal 
and i r r a d i a t e d  la r v a e .  As a s s e s s e d  by day 35 worm r e c o v e r i e s ,  
immunization with  Ix 300 ,  25 krad la r v a e  provided  more than 95% pro­
t e c t i o n  a g a in s t  c h a l l e n g e ,  whereas Ix  300 normal conferred  no p r o t e c ­
t i o n .  However, immunization w i th  the  l a t t e r  d id  d e la y  th e  o n s e t  of  
patency  but th e  egg counts  reached c o n t r o l  l e v e l s  at  day 16 whereas  
egg counts  from mice immunized w i th  Ix  300 ,  25 krad l a r v a e ,  even at  
maximum l e v e l s ,  reached on ly  one t e n th  of  c o n t r o l  output .  On no 
o c c a s io n  were eggs recorded from mice immunized with  4x normal la r v a e  
or mice immunized with  2 x ,  3x and 4 x ,  25 krad i r r a d i a t e d  la r v a e .
DISCUSSION
As Mulligan e t  a l  ( l 9 6 l )  have shown, s u c c e s s f u l  use  of  i r r a d i a t e d  
la r v a e  as immunizing agents  a g a in s t  nematode i n f e c t i o n s  depends upon 
th e  s e l e c t i o n  of  th e  most e f f e c t i v e  components from a la r g e  number o f  
v a r i a b l e s .  In th e  mouse-N, dubius system we have shown q u i t e  c o n c l u s ­
i v e l y  t h a t  i r r a d ia t e d  N . . dubius la r v a e  are e f f e c t i v e  at  s t im u la t in g  
immunity a g a in s t  a subsequent c h a l l e n g e  and t h a t  th e  most important  
v a r i a b l e  i s  th e  l e v e l  o f  i r r a d i a t i o n  in  a t t e n u a t i o n .  The number o f  
immunizing doses  g iven  i s  r e l a t i v e l y  unimportant provided th e  c o r r e c t  
dose of  i r r a d i a t i o n  has been used .  We have fu r th er  ev idence  (unpubli shed)  
t o  s u g g e s t  th a t  th e  s i z e  o f , t h e  immunizing inoculum i s  not an important  
v a r i a b l e .
Although the  exact  d e t a i l s  o f  s u r v iv a l  and development o f  i r r a d ­
i a t e d  la r v a e  are not known, t h e  l e v e l s  o f  i r r a d i a t i o n  used in  our
2 0 :
exper iments  prevent  normal maturation and emergence o f  th e  larvae*
As a r e s u l t ,  the  hos t  i s  exposed for  a prolonged period  to  l a r v a l  
a n t ig e n s  and i t  i s  t h i s  we b e l i e v e  t h a t  s t i m u l a t e s  high l e v e l s  of  
p r o t e c t i v e  immunity. This  view i s  supported by the  f a c t  t h a t  s i n g l e  
i n f e c t i o n s  o f  normal la r v a e  f a i l  to  s t i m u l a t e  p r o t e c t i v e  immunity,  
whereas m u l t i p l e  i n f e c t i o n s  which extend th e  d urat ion  o f  hos t  exposure  
t o  l a r v a l  s t a g e s ,  can produce s trong immunity ( see  Experiment 5 7 ) .  
Further ev idence  can be drawn from the  f a c t  t h a t  th e  l e a s t  e f f e c t i v e  
s t i m u l a t i o n  o f  immunity by i r r a d i a t e d  la r v a e  was observed with  th o s e  
i r r a d i a t e d  at  5 krad; t h e s e  are known to  deve lop  and emerge i n t o  the  
lumen at  th e  same time as normal larvae  (Behnke e t  a l . 1980) .
Prowse e t  a l ,  ( l 9 7 9 )  have shown t h a t  d i f f e r e n t  mouse s t r a i n s  
s u b j e c t e d  to  s im i l a r  immunizing sch ed u le s  deve lop  d i f f e r e n t  l e v e l s  
of  r e s i s t a n c e  to a subsequent  c h a l l e n g e  i n f e c t i o n .  The high l e v e l  
of  p r o t e c t i o n ,  95% obta ined  here  u s in g  one immunization with  300  
(25 krad) c o b a l t  60 i r r a d i a t e d  l a r v a e ,  i s  no doubt due in  part  to  the  
f a c t  t h a t  th e s e  exper iments  have been conducted in  NIH mice which are  
known t o  respond r a p id ly  t o  nematode i n f e c t i o n s  (Wakelin 1980) ,  
Whether or not a l l  mouse s t r a i n s  respond as w e l l  as do NIH to  immun­
i z a t i o n  w ith  i r r a d ia t e d  la r v a e  i s  t h e  s u b je c t  o f  a fur th er  i n v e s t ­
i g a t i o n .  The s tead y  r i s e  in  the  number o f  responding mice in  the  
groups o f  Experiment 5 5 ,  a phenomenon which i s  more c h a r a c t e r i s t i c  
of  outbred ra ther  than inbred s t r a i n s  of  m ice ,  s u g g e s t s  t h a t  even for  
NIH mice th ere  i s  a th r e s h o ld  l e v e l  o f  a n t ig e n ic  s t im u l a t i o n  which  
must be exceeded b e f o r e  an e f f e c t i v e  response  can be mounted.
The host  mechanisms which ac t  a g a in s t  N. dubius are not w e l l  
understood ,  Jones and Rubin ( l 9 7 4 )  have shown th e  o resen ce  o f  macro­
phages and e o s i n o p h i l s  in  th e  granulomatous l e s i o n s  which develop
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around l a r v a l  s t a g e s  in  t h e  i n t e s t i n a l  w a l l ;  e o s i n o p h i l s  were a s s o c ­
i a t e d  p a r t i c u l a r l y  w ith  l a r v a l  d i s s o l u t i o n *  Chaicumpa and Jenkin  
( l 9 7 8 )  and Prowse e t  a l . ( l9 7 S )  have suggested  t h a t  macrophages are  
r e s p o n s i b l e  for  the p a r t i a l  immunity r e s u l t i n g  from a s i r ^ e  immuniz­
in g  i n f e c t i o n ;  macrophages from t h e s e  mice have been shown to  adhere  
to  i n f e c t i v e  th ir d  s t a g e  la r v a e  in  v i v o . However, on ly  a f t e r  two 
immunizing i n f e c t i o n s  with  normal la r v a e  did they  ob ta in  more than  
95% p r o t e c t i o n .  C o in c id in g  w i th  t h i s  p r o t e c t i o n  was a blood  
e o s i n o p h i l i a  and th e  appearance o f  e o s i n o p h i l s  in  p e r i t o n e a l  exu dates .  
They concluded t h a t  e o s i n o p h i l s  may be invo lved  in  a second immune 
mechanism which g i v e s  r i s e  t o  t h i s  high l e v e l  o f  p r o t e c t i o n .  As y e t  
we have not determined whether e o s i n o p h i l s  appear a f t e r  a s i n g l e  
immunization w i th  fcobalt 60 i r r a d i a t e d  la r v a e .
By a t t e n u a t in g  la r v a e  w i th  c o b a l t  60 i r r a d i a t i o n ,  the  c h a r a c t e r ­
i s t i c s  o f  i n f e c t i o n  w i th  N. dubius have been d r a m a t ic a l ly  a l t er ed *  
S i n g l e  i n f e c t i o n s  w ith  normal larvae  produce on ly  poor immunity which  
i s  m an ifes ted  by a d e lay  in  t h e  o n s e t  o f  p a ten cy ,  p o s s i b l y  due to  a 
s l i g h t  d e la y  in  l a r v a l  development.  I r r a d ia te d  l a r v a e ,  on th e  o ther  
hand, produce a h ig h ly  p r o t e c t i v e  immunity which g r e a t l y  reduces the  
number of  p a r a s i t e s  reaching  m a tu r i ty .  The r e s u l t s  of  t h i s  work i n d i ­
c a t e  t h a t  once a c t i v a t e d ,  th e  immune mechanisms o f  NIH m ice ,  which  
normal ly  f a i l  t o  work a g a in s t  a s i n g l e  N. dubius i n f e c t i o n ,  are extrem­
e l y  e f f e c t i v e .  I r r a d ia te d  lar vae  w i l l  prov ide  a means by which the  
u n d e r ly in g  mechanisms o f  immune r e s p o n s iv e n e s s  and n on -res p o n s iv e n e ss  
in  v a r i o u s  s t r a i n s  o f  mice can be s t u d i e d .
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EFFSCT OF SIZE OF IMV.UNISI1ÎG DOSE ON RESPONSE TO CHALLENGE
INFECTION
In t h i s  experiment (Experiment 58) la r v a e  were i r r a d ia t e d  at  
25 k .rad  and groups o f  mice were i n f e c t e d  at d i f f e r e n t  dose  l e v e l s .
A l l  g roup s ,  except  c o n t r o l s ,  were t r e a t e d  with  p y ra n te l  on days 14 
and 16 ,  and a l l  seven  groups were i n f e c t e d  with  100 N, dubius (normal 
l a r v a e )  on day +18.  Groups o f  s i x  mice (male NIH) were k i l l e d  14 
days p os t  c h a l l e n g e .  The experimental  d e s ig n  i s  shown below and the  




_  . . 16 . . . . . . ._18...... ........ 3:
A 50 Nd ^ PYR PYR 100 Nd K
B 100 Nd^ PYH PYR 100 Nd K
C 200 Nd ^ PYR PYR 100 Nd K
D 300 Nd^ PYR FYR 100 Nd K
E 50 Nd Contro l PYR PYR 100 Nd K
F 300 Nd Contro l  ■ PYR PYR 100 Nd K
G - « 100 Nd K
Group G gave  the  expected rec overy  from an i n f e c t i o n  w ith  100 normal 
l a r v a e .  Groups E and F immunised w ith  50 and 300 N. dubius r e s p e c t ­
i v e l y  gave only  a s l i g h t  r e d u c t io n  in  mean worm re c o v e r y .  A more 
marked e f f e c t  was shown in  th e  groups immunised w ith  100,  200 and 
3 0 0 ,  25 k .rad  i r r a d i a t e d  N. d u b iu s . These th ree  groups (Groups B,  C 
and D) showed a s i m i l a r  r e d u c t io n  in  c h a l l e n g e  i n f e c t i o n  mean worm 
recovery ;  in  a l l  the  r e c o v e r i e s  were s t a t i s t i c a l l y  s i g n i f i c a n t l y  
reduced compared w ith  c o n t r o l s  but were not s i g n i f i c a n t l y  d i f f e r e n t  
from one another .  Group A m ic e ,  immunised w i th  on ly  50 i r r a d i a t e d  
N. dubius showed a 20-25% re d u c t io n  on c o n t r o l  mean worm recovery  
(Group G).
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FIGURE 2 -3 9
E f f e c t  o f  s i z e  o f  immunizing dose of  25 K.rad i r r a d i a t e d  
l a r v a e  on respon se  to  c h a l l e n g e  i n f e c t i o n  w i th  lOO normal 






A 50 Nd g. 100 Nd normal la r v a e
B 100 Nd / 100 Nd normal larvae
C 200 Nd ^ 100 Nd normal la rvae
D 300 Nd / 100 Nd normal larvae
E 50 Nd normal 100 Nd normal larvae
F 300 Nd normal 100 Nd normal lar vae
G — 100 Nd normal la r v a e


















These r e s u l t s  s u g g e s t  t h a t ,  down to  a lower linnit o f  100 
N. d u b i u s , th e  s i z e  o f  th e  immunising i n f e c t i o n  i s  not  important in  
determ ining  th e  r e s u l t i n g  imiïiunity to  c h a l l e n g e  i n f e c t i o n .
EFFECT OF DELAYING CHALLENGE FOLLOWING IMMUNISATION WITH
25 K.RAD IRRADIATED LARVAE
This  experiment (Experiment 59) was des igned  to  determine whether  
or not  th e  immunity induced by i r r a d i a t e d  N. dubius l a r v a e  was long  
l a s t i n g .  A ls o ,  w ith  th e  delayed c h a l l e n g e  i n f e c t i o n  th e  resp on se  
i n i t i a t e d  by the immunising i n f e c t i o n  w i l l  have had t im e to  su bs id e  
whereas w i th  e a r l i e r  exper iments  th e  c h a l l e n g e  i n f e c t i o n  la r v a e  may 
have been caught up in  th e  respon se  a g a in s t  th e  f i r s t  ( immunising)  
i n f e c t i o n .  The exper imenta l  d es ign  i s  shown below:
GROUP
0 _ 14 . . .
DAY
28 45
A Nd^ N d / Nd/ 100 Nd
B N d / - — 100 Nd
C - - Nd/ 100 Nd
D Nd Nd Nd 100 Nd
E Nd - - 100 Nd
F - - Nd 100 Nd
G V. 100 Nd
A ll  immunising i n f e c t i o n s  were o f  300 larvae  and a l l  immunised groups  
were t r e a t e d  with  p y r a n te l  12 and 14 days a f t e r  each immunising i n f e c ­
t i o n .  Egg counts  for a l l  groups were recorded for th e  f i r s t  30 days  
o f  th e  c h a l l e n g e  - i p f e c t i o n .  ' Al l  groups were k i l l e d  on day 35 post,  
c h a l l e n g e  and the  mean worm r e c o v e r i e s  are shown in  Figure 2 - 4 0 ,  egg 
counts  in  Figure  2 -4 1 .
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FIGURE 2 -4 0
E f f e c t  o f  d e la y in g  c h a l l e n g e  fo l l o w i n g  immunization with  
25 k'.rad i r r a d ia t e d  larvae
Mean recovery  (MA'R -  SD) N. dubius day 35 p o s t  i n f e c t i o n  
with 100 N. dubius
GROUP DAY
0 ____ 14 28 45
A Nd; N d / 100 Nd
B Nd; — - 100 Nd
C - - Nd/ 100 Nd
D Nd Nd Nd 100 Nd
E Nd - - 100 Nd
F - - Nd 100 Nd
G - - - 100 Nd
A l l immunizing i n f e c t i o n s were o f  300,1 25 K.rad
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F IGURE 9"41
E f f e c t  of  d e la y in g  c h a l l e n g e  f o l l o w i n g  immunization  
w ith  25 K.rad i r r a d i a t e d  larvae
Egg counts  ( e . p . g .  x 10  ^ ) from groups shown in  
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All  groups immunised w i th  i r r a d i a t e d  la r v a e  (Groups A, B and C) 
had a mean worm recovery  95% lower than t h a t  o f  the  c o n t r o l  Group 
G. T his  s u g g e s t s  t h a t  th e  t ime between immunisation w i th  i r r a d i a t e d  
la r v a e  and subsequent c h a l l e n g e  was unimportant in  determining the  
l e v e l  o f  resp on se  to  th e  c h a l l e n g e  (Group B, de layed  c h a l l e n g e .  Group 
C e a r l y  c h a l l e n g e ) .  Also  one dose  of  i r r a d i a t e d  larvae  (Groups B and
C) was as e f f e c t i v e  as 3 d oses  (Group A) in th e  l e v e l  o f  immunity t o  
c h a l l e n g e  produced.  T h is  was not the  c a s e  with  th e  groups immunised 
w ith  normal l a r v a e .  Mice immunised w i th  3 i n f e c t i o n s  o f  normal lar vae  
(Group D) were 65% p r o te c te d  against* c h a l l e n g e  i n f e c t i o n  whereas Group 
E ( l  immunising d o s e ,  de layed  c h a l l e n g e )  mice were only  20}t p r o t e c t e d .  
The mice immunised w i th  one d ose  o f  normal la r v a e  and ch a l l e n g e d  soon  
afterwards  (Group F ) were not p r o te c t e d  a g a in s t  c h a l l e n g e  i n f e c t i o n  
when compared with  c o n t r o l  (Group G). No eggs were found in th e  f a e c e s  
o f  mice immunised with  i r r a d i a t e d  lar vae  (Groups A, B and C, F igure  
2 - 4 1 ) .  The groups immunised with  300 normal la rvae  (Groups E and F) 
gave  s im i l a r  egg cou n ts  which were h igher  th=.n t h o s e  o f  mice (Group
D) immunised w ith  3 x 300 normal N. dubius la r v a e .  All  t h e s e  groups  
gave egg counts  lower than t h o s e  o f  the  c o n t r o l  group, Group G.
DOES IMMUNISATION V/JTH IRRADIATED LARVAE (25 kf.rad) PRODUCE AN
IMMUNITY WHICH CAN BE TRANSFERRED WITH MLNC?’.
Prev ious  attempts at  t r a n s f e r  had been made w i th  MLN taken from 
donors ’ immunised' by i n f e c t i o n ( s )  w i th  normal la r v a e .  In t h i s  exp­
er iment (Experiment 60)  MLNC were taken from mice immunised with  i r r a d ­
ia t e d  la r v a e  and normal l a r v a e .  The immunising schedule  i s  shown below:
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FIGURE 2-42
E f f e c t  o f  t r a n s f e r  of  MLKC from mice immunized with  
i r r a d i a t e d  and c o n t r o l  la r v a e  on th e  respon se  to  
N. dubius i n f e c t i o n
Mean recovery  (M.VR -  SD) N. dubius day 35 p o s t  i n f e c t i o n  











4 X 300 (Nd  ^ ) + 1 0 0  Nd 3 x 10^ MLNC (day 35
3 X 300 (Nd ^ ) + 100 Nd 3 x 10*^  MLNC (day 35
2 X 300 (Nd ^ ) + 100 Nd 3 X 10^ MLNC (day 35
1 X 300 (Nd ^ ) + 100 Nd 3 X 10*^  MLNC (day 35
4 X 300 (normal Nd) + lOO Nd 3 x 10^ MliCO (day 35
1 X 300 (normal Nd) + 100 Nd 3 x 10^ MLNC (day 35
+ 100 Nd 3 X 10^ MLNC (day 35
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FIGURE 2-43
E f f e c t  of  t r a n s f e r  of  MLNC from mice immunized w ith  
i r r a d ia t e d  and c o n t r o l  larvae  on th e  respon se  to  
N. dubius i n f e c t i o n
Egg counts  ( e . p . g ,  x 10 )





See Figure 2-42  for  d e t a i l s  o f  immunization and 
MLNC t r a n s f e r
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A 4 X 300 100 Nd 3 X 10^ MLNC (day 35) 100 Nd
B 3 X 300 + 100 Nd 100 Nd
C . 2 X 300 + 100 Nd 100 Nd
D '  " 1 X 300 + 100 Nd 100 Nd
E 4 X 300 + 100 Nd 100 Nd
F 1 X 300 + 100 Nd 100 Nd
G - + 100 Nd 100 Nd
H - + 100 Nd no c e l l s ,  c o n t r o l 100 Nd
F u l l e r  d e t a i l s  of  th e  immunising schedule  ere g iven  on page . The 
r e c i p i e n t s  were a l l  i n f e c t e d  w ith  100 N. dubius and egg counts  were 
fo l lo w ed  for the f i r s t  33 days o f  the i n f e c t i o n .  Groups o f  mice were  
k i l l e d  35 days a f t e r  t r a n s f e r / i n f e c t i o n  and mean worm r e c o v e r i e s  are  
shown in  Figure  2 - 4 2 ,  egg counts  in  Figure 2 -4 3 .  A l l  groups gave  
mean worm r e c o v e r i e s  (day 35)  which were s im i l a r  to  those  of  c o n t r o l s  
except  Group B which had re c e iv e d  MLNC from 3 x 300 + 100 N. dubius
immunised mice (Figure  2 - 4 2 ) .  This  was the  on ly  group which had a 
s i g n i f i c a n t l y  decreased egg product ion  throughout the  whole experiment  
(F igure  2 - 4 3 ) .  Three o f  th e  mice in  Group B gave worm r e c o v e r i e s  of  
l e s s  than 20 whereas the  o th er  th r e e  gave r e c o v e r i e s  g r e a te r  than 80 .  
This  s u g g e s t s  t h a t  in  th r e e  mice at  l e a s t  th e  MLNC from mice immunised 
w ith  i r r a d i a t e d  la r v a e  had been e f f e c t i v e  a f t e r  t r a n s f e r  to  r e c i p i e n t s ,
IM’.TJNISATION WITH 25 K.RAD IRRADIATED N. DUBIUS IN STRAINS OF
MICE
A l l  th e  immunisation experiments which have been reported here  
have been done in  NIH m ice .  NIH mice are known to  be p a r t i c u l a r l y  
good, responders  to  helminth p a r a s i t e s  so  the high l e v e l s  o f  p r o t e c t i o n  
obta ined  by us ing  i r r a d ia t e d  larvae  may be due in p art  t o  th e  r e s p o n s ­
iv e n e s s  o f  th e  mouse s t r a i n  u sed .  To answer th e  q u e s t io n  whether th e
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p r o t e c t i o n  obta ined  from u s in g  i r r a d i a t e d  la r v a e  i s  or i s  not s t r a i n  
dependent an experiment (Experiment 6 l )  u s in g  4 s t r a i n s  NIH ( m a l e s ) ,  
black ( f e m a l e s ) ,  CFLP ( f e m a le s )  and Fl g e n e r a t io n  black/NIH  
(males)  was done.  Mice were immunised w i th  2 x 300 (25 kf.rad)
N. dubius  or 2 X 300 N. dubius normal la r v a e  and on days 12 and 14 
o f  each immunising i n f e c t i o n  had t h e i r  worm burdens removed u s in g  
p yran te l*  Twenty e i g h t  days a f t e r  th e  s t a r t  o f  th e  immunising sched ­
u l e  a l l  groups o f  c o n t r o l  mice  were c h a l l en ged  w i th  lOO K. dubius and 
egg counts  were fo l low ed  for  the  f i r s t  29  days o f  i n f e c t i o n .  A ll  
groups were k i l l e d  on day 35 p o s t  c h a l l e n g e .  The mean worm r e c o v e r ­
i e s  are shown in Figure  2 -44  and egg counts  in Figure  2 - 4 5 .  No eggs  
were ever  recovered  from any of t h e  s t r a i n s  immunised w i th  two doses  
o f  I r r a d ia t e d  la r v a e .  The most i n t e r e s t i n g  r e s u l t  was ob ta in ed  from 
th e  black mice which were immunised w i th  2 x 300 normal N, dubius  
l a r v a e .  These mice gave egg counts  which were s i m i l a r  to  th o s e  obta ined  
from the  primary i n f e c t i o n  ( c h a l l e n g e  c o n t r o l )  in  b lack mice whereas  
a l l  t h e  other  s t r a i n s  gave g r e a t l y  reduced egg counts  w e l l  below 
c o n t r o l  l e v e l s .  The Fl  /NIH mice responded l i k e  NIH mice not  
l i k e  b lack .  The worm r e c o v e r i e s  show t h a t  a l l  groups immunised 
w ith  2 X 300 (25 î f .rad)  i r r a d i a t e d  la r v a e  were w e l l  p r o te c t e d  a g a in s t  
t h e  c h a l l e n g e  in f e c t i o n ,  w i th  normal l a r v a e .  A l l  groups immunised w i th  
2 X 300 normal N. dubius la r v a e  were  a l s o  w e l l  p r o t e c t e d ,  except  th e  
black  mice .  The p r o t e c t i o n  in  t h e s e  groups was never as g r e a t  
as i n  the  groups immunised w i th  i r r a d i a t e d  la r v a e  but the  p r o t e c t i o n  
in  t h e  black mice (Group G) was p a r t i c u l a r l y  poor ,  a lthough the  
s i g n i f i c a n c e  o f  t h i s  r e s u l t  i s  obscured by the  lar ge  v a r i a t i o n .  
O bservat ions  made at  autopsy  on th e  c o n d i t i o n  o f  the  i n t e s t i n e s  o f  
mice in th e  groups are in c lud ed  on Figure  2 - 4 4 ,  The i n t e r e s t i n g  p o in t  
from t h i s  i s  t h a t  the  b lack  mice  had very  few nodules  even in  t h e  
2 X 300 (25 k .r a d )  immunised groups and t h e r e  was l i t t l e  g r o s s  p a th o lo g y .
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FIGURE 2 -4 4
Mean recovery  (f/i'/R -  SD) N. dubius day 35 c h a l l e n g e  
i n f e c t i o n  in  NIH, CFLP, and C^^/NIH p r e v i o u s l y  
immunized w i th  2 x 300 normal (N) or 2 x 3 00 ,  25 K.rad 






A NIH ( # ) lOONd
B CFLP ( p lOONd
C C57 ( / ) lOONd
D C^î/NIH lOONd
E NIH (N) lOONd
F CFLP (N) lOONd
G (N) lOONd
H C ^/N IH (H) lOONd
1 NIH — lOONd
J CFLP - lOONd
K C57 - lOONd
L Cy^/NIH - lOONd
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FIGURE 2-45
Egg counts  ( e . p . g .  x lO  ^ ) from groups shown in  F igure  2 -4 4
0  Mice immunized 2 x 300 normal larvae  
O C h a l len g e  i n f e c t i o n  c o n t r o l
No egg counts  were recorded from mice immunized with  2 x 300 ,  








None o f  th e  c h a l l e n g e  i n f e c t i o n  c o n t r o l  groups had nodules .  Nodules  
are areas  o f  inflammatory c e l l  i n f i l t r a t i o n  which form about d e v e l o p ­
ing  N, dubius lar vae  w h i l s t  they  are s i t u a t e d  w i t h in  the  m uscular is  
e x ter n a .  As animals become immune larvae  may become trapped w i th in  
t h e  nodules  by t h e  in t e n s e  inflammatory r e a c t i o n  about them. The 
importance o f  t h i s  w i l l  be brought out  in  th e  d i s c u s s i o n .  Th is  e x p e r i ­
ment showed t h a t  t h e  p r o t e c t i o n  obtained  us ing  i r r a d ia t e d  la r v a e  i s  
not  s t r a i n  dependent and i s  t h e r e f o r e  an in h erent  p roperty  of  the  
i r r a d i a t e d  la r v a e .
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DIfCUSSIC'M
The r e s u l t s  p resen ted  in  t h i s  s e c t i o n  o f  th e  T h es i s  have shown 
t h a t  t h e r e  was no e v id e n c e  for  a l o s s  o f  N. dubius from th e  i n t e s t i n e  
of  NIH mice in th e  f i r s t  f o r t y  days of  orimary i n f e c t i o n ,  i n d i c a t i n g  
t h a t  spontaneous cure does not occur w i th  a l l  nematode s p e c i e s .  In 
order to  r a i s e  immunity to  c h a l l e n g e  i n f e c t i o n  i t  i s  n e c e s s a r y  t o  g i v e  
m u l t i p l e  drug-terminated  i n f e c t i o n s .  The drug used h ere ,  Pyrante l  
embonate,  was shown to  be e f f e c t i v e  a g a in s t  adu lt  worms in  the  i n t e s t ­
in e  but did not a f f e c t  the  e s ta b l i s h m e n t  and s u r v i v a l  of  subsequent  
i n f e c t i o n s .  Mice g iven  6 immunizing i n f e c t i o n s  of  100 la r v a e  were  
more r e s i s t a n t  to  c h a l l e n g e  i n f e c t i o n  than were mice g iv e n  3 t imes  
200 la r v a e .  D e s p i t e  th e  high l e v e l s  o f  p r o t e c t i o n  in  d on ors ,  serum 
t r a n s f e r s  from mice immunized w i th  m u l t i p l e  i n f e c t i o n s  p r o te c te d  
r e c i p i e n t s  but on ly  t o  a smal l  degree  and were i n e f f e c t i v e  when admin­
i s t e r e d  a f t e r  adult  emergence.  MLNC from mice immunized with  m u l t i p l e  
i n f e c t i o n s  were more . e f f e c t i v e  than serum in  t r a n s f e r r i n g  immunity 
but again the e f f e c t i v e n e s s  was not as g r e a t  as th a t  recorded in other  
systems or by other  authors working w i th  N, d u b iu s . F a i lu r e  to  
t r a n s f e r  high l e v e l s  of  immunity was not a p roperty  only  of  MLNC 
s i n c e  SC were l e s s  e f f e c t i v e .
The lack o f  r e s i s t a n c e  to  a orimary i n f e c t i o n  may be due to  the  
immunosuppressive e f f e c t s  of  the  p a r a s i t e ,  but attempts  to  boost  the  
resp o n se  of  mice by u se  o f  an immunostimulant or by splenectomy were  
u n s u c c e s s f u l .  The resp on se  to  a c h a l l e n g e  i n f e c t i o n  in  sp lenectomised'  
animals was a l s o  unaltered . .  The r e s i s t a n c e  of  worms to i n t e s t i n a l  
inflammatory changes induced by T. s p i r a l i s  exp u ls ion  showed th a t  
s u r g i c a l l y  implanted N. dubius adu lt  worms are s u s c e p t i b l e  to  t h e s e  
changes  and can be ex p e l l e d  from the  i n t e s t i n e .
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A comparison of immunity to  and c r o s s  immunity between lab o ra to ry
and f i e l d  s t r a i n s  o f  lb dubius was undertaken.  I t  was found th a t  th e
f i e l d  s t r a i n  of  N. dubius i s o l a t e d  from Aoodemus s y l v a t i c u s  was ab le  
to  deve lop  to  the  adu lt  s t a g e  on ly  in  immunosuppressed lab o ra to ry  mice .  
Mice immunized with  a f i e l d  s t r a i n  i n f e c t i o n  were r e s i s t a n t  to  c h a l l e n g e  
w ith  lab ora tory  s t r a i n  la r v a e .  This  p r o t e c t i o n  was g r e a t e r  than t h a t  
obta ined  with  an immunizing i n f e c t i o n  o f  lab ora tory  s t r a i n  p a r a s i t e *
Mice immunized with  a f i e l d  s t r a i n  i n f e c t i o n  during immunosuppressive  
trea tm ent  were not r e s i s t a n t  to  a subsequent i n f e c t i o n  o f  lab ora tory  
s t r a i n  p a r a s i t e s *
S t im u la t io n  of  immunity to  M, dubius in  NIH mice normally r e q u ir e s  
m u l t i p l e  immunizations over a l e ng th y  t ime p er io d ,  A method o f  s t im ­
u l a t i n g  immunity which has been s u c c e s s f u l  in  o ther  systems and does  
not  r eq u ir e  m u l t i p l e  i n f e c t i o n s  i s  t h a t  of  us ing  i r r a d i a t i o n  a t ten u ated  
p a r a s i t e s .  The development o f  nematode p a r a s i t e s  can be a f f e c t e d  by 
i r r a d i a t i o n  in  such a way t h a t  the  host  i s  ab le  to  d e s t r o y  larvae  
which would normally escape th e  immune r e sp o n se .  Before  u s in g  i r r a d ­
i a t e d  la r v a e  t o  s t i m u l a t e  immunity i t  was n ecessa ry  t o  examine th e  
e f f e c t  which i r r a d i a t i o n  (w ith  Cobalt  60) had on th e  p a r a s i t e *  The 
e f f e c t  o f  i r r a d i a t i o n  vfas d ose  dependent.  At 7*5 k*rads egg product ion  
was a b o l i sh ed  but worm numbers were u n af fe c ted *  I r r a d i a t i o n  at  10 k .r e d s  
or above caused a r e d u c t io n  in  worm r e c o v e r i e s  and i t  was shown by CA 
trea tm ent  o f  i n f e c t e d  mice t h a t  t h i s  red u ct ion  was due to  the  e f f e c t  
of  i r r a d i a t i o n  and not to  t h e  immune response  o f  th e  host* The 
r e s u l t s  in the  p rev io u s  s e c t i o n  had shown that N, dubius has an immuno­
s u p p r e s s iv e  e f f e c t  on th e  resp on se  of  mice to  T. s p i r a l i s * I r r a d ia te d  
l a r v a e  ( l 5  k , r a d s )  were a l s o  cap ab le  o f  caus ing  a d e la y  in  the  r e j e c ­
t i o n  o f  T* s p ir a l  i s  from NIH mice .
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Larvae i r r a d i a t e d  a t  10-30  K.rads induced high l e v e l s  o f  p r o t e c ­
t i o n  to  a c h a l l e n g e  i n f e c t i o n  in  NIH mice and down to  a lower l i m i t  
of  lOO la r v a e  t h i s  s t im u l a t i o n  o f  p r o t e c t i o n  was dose independent .
The p r o t e c t i o n  a g a in s t  c h a l l e n g e  i n f e c t i o n  was ev id e n t  when mice  were  
c h a l l e n g e d .17 or 45 days a f t e r  t h e  immunizing i n f e c t i o n .  The high  
l e v e l  o f  p r o t e c t i o n  obta ined  w ith  i r r a d i a t e d  larvae  was not  r e s t r i c t e d  
to  t h e  high responder NIH m ice ,  s i n c e  CFLP, and C^^/NIH mice  
responded eq u a l ly  w e l l  t o  immunization with  i r r a d ia t e d  la r v a e .
The experiments  reported  here  have shown th a t  N. dubius can s u r ­
v i v e  in  NIH mice fo r  up t o  40 days p o s t  primary i n f e c t i o n .  Throughout  
t h i s  t ime the  sex r a t i o  o f  p a r a s i t e s  recovered  at autopsy remained 
c l o s e  t o  1 : 1 ,  a r e s u l t  in  keeping  with  t h a t  o f  Cypess ,  Lucia ,  Zidian  
and R ivera“0 r t i z ( l 9 7 7 )  who observed t h a t  in  LAF^  m ice ,  a s t r a i n  in  
which primary i n f e c t i o n  a d u l t  worm e x p u ls io n  does occu r ,  th e  sex  r a t i o  
was maintained  even during th e  p er iod  of  worm e x p u ls io n  from th e  gu t ,
N. dubius primary i n f e c t i o n s  have been reported to  s u r v iv e  as long:.as  
e i g h t  months (Ehrenford 1954) and in  t h i s  labora tory  i n f e c t i o n s  l a s t i n g  
as long as f i v e  months have been recorded .
Excluding the  c o n t r i b u t i o n  o f  any immunosuppressive e f f e c t  of  
N« d u b i u s , the  long term s u r v i v a l  o f  th e  p a r a s i t e  in  NIH mice i s  d i f ­
f i c u l t  t o  e x p l a i n ,  s i n c e  t h i s  s t r a i n  e f f i c i e n t l y  e l i m i n a t e s  other  
i n t e s t i n a l  h e lm in th s ,  o f t e n  more r a p i d l y  than other  mouse s t r a i n s  
(Wakelin,  1975,  V/akelin and Lloyd 1976) ,  Day, Howard, Prowse,  Chapman 
and M i tc h e l l  ( l9 7 9 )  have s u gges te d  th a t  N. dubius may be l e s s  depend­
ent  upon th e  f u n c t io n a l  i n t e g r i t y  of  i t s  ES-products than are other  
nematodes and a l s o  t h a t  th e  ad u l t  worm may be more r e s i s t a n t  t o  th ose  
n o n - s p e c i f i c  (presumably in flammatory) components of  the  i n t e s t i n a l  
ex p u l s io n  mechanism which e f f e c t i v e l y  e l im in a t e  o ther  p a r a s i t e s .
However, as was mentioned e a r l i e r ,  ( s e e  General  I n tr o d u c t io n )  i n t e s t i n a l
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inflammatory changes are not a p r e r e q u i s i t e  for th e  e x p u ls io n  of  a l l  
h e lm in th s ,  Cypess e t  al  ( l 9 7 7 )  could  f in d  no h i s t o l o g i c a l  changes  
in  th e  i n t e s t i n a l  v i l l i  ad jacent  to  Kb dubius ad u l t  worms in  LAF  ^
mice when th e  e x p u ls io n  p rocess  was underway. I t  i s  p o s s i b l e  t h a t  
th e  h o s t  was able  to  damage th e  p a r a s i t e  w h i l s t  i t  was in the  t i s s u e ,  
in  th e  f i r s t  8 days o f  i n f e c t i o n  and th a t  as a r e s u l t ,  th e  ad u l t  worm 
was unable  to  s u r v iv e .  The lack o f  h i s t o l o g i c a l  change about the  
worms makes i t  u n l i k e l y  t h a t  the  e x p u ls io n  'was caused by ant ibody  
damage t o  the  worm fo l lo w ed  by th e  a c t io n  of  a c e l l  component ( O g i l v i e
and Love 1974,  Wakelin 1975,  Behnke and Parish  1979) ,
There are a number o f ,w ays  in  which r e s i s t a n c e  to r e - i n f e c t i o n  
with  Kb dubius might be exp ressed :
1, S e l f - c u r e  i . e .  rapid e x p u ls io n  o f  r e s id u a l  adult  
s t a g e s  f o l l o w i n g  i n g e s t i o n  o f  i n f e c t i v e  la r v a e  
(Cypess and Van Zandt 1973,  Cypess and Zidian 1975)
2 ,  Reduction in th e  number o f  lar vae  th a t  p e n e t r a t e  and 
d eve lop  in  th e  i n t e s t i n a l  t i s s u e
(Panter 1969a,  Behnke and Parish  1979)
3,  Trapping,and d e s t r u c t i o n  o f  l a r v a l  s t a g e s  during  
development in  th e  mucosa
(Van Zandt I 9 6 l ,  Chaicumpa, Prowse,  ’Ey and'.Jenkih 1978 ,  Behnke 
and Parish  1979)
4 ,  Retardat ion  in  l a r v a l  development r e s u l t i n g  in  delayed  
emergence ,of  p r e - a d u l t  s ta g e s
(Van Zandt 1961,  Behnke and Parish  1979)
5 ,  Reduction in s i z e  of  adu lt  s t a g e s
(Panter 1969a ,  Jones and Rubin 1974,  Behnke and Parish  1979)
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6* Expulsion o f  adu lt  s t a g e s  fo l l o w i n g  emergence
(Cypess e t  al  1977a,  Behnke and Parish 1979 ,  Jacobson,  
Brooks and Cypess 1980).
Cypess and Van Zandt ( l9 7 3 )  and Cypess and Zidian ( l9 7 5 )  have 
shown th a t  in  mice a f t e r  3 ,  spaced o r a l  i n f e c t i o n s  a subsequent  
c h a l l e n g e  with  la r v a e  r e s u l t s  in th e  e l im in a t io n  of  th e  p r e - e x i s t i n g  
a d u l t  worm p op ula t ion  ( s e l f - c u r e )  and th e  f a i l u r e  o f  th e  c h a l l e n g e  
l a r v a l  i n f e c t i o n  to  deve lop  to  th e  ad u l t  s t a g e  ( p r o t e c t i o n ) .  Other 
s t r a i n s  t e s t e d  did not show the  s e l f ^ c u r e  r e a c t io n  but d id  prevent  
development o f  th e  l a r v a l  c h a l l e n g e  to the adu lt  s t a g e  (Cypess and 
Zidian 19 7 5 ) .  The b a s i s  of  th e  s e l f - c u r e  resp onse  a g a in s t  N. dubius  
was not i n v e s t i g a t e d  and th e  length  of  t ime a f t e r  immunization over  
which such a r e a c t i o n  was p o s s i b l e  was not s tud ied  and so an immediate  
h y p e r s e n s i t i v i t y  r e a c t i o n  cannot be excluded.  Panter (1969b) and 
Jones and Rubin ( l9 7 4 )  d id  provide  some ev idence  to  show t h a t  an immed­
i a t e  type  h y p e r s e n s i t i v i t y  r e a c t i o n  may prevent  l a r v a l  e s ta b l i s h m e n t .  
Panter ( l969b)  induced a s y s te m ic  an aphy lac t ic  r e a c t i o n  to  horse serum 
and prevented  l a r v a l  e s ta b l i s h m e n t  thus prov id in g  an obvious  r o l e  for  
serum f a c t o r s  in  immunized mice ,  B a r t l e t t  and Ba l l  ( l 9 7 4 )  claimed  
t h a t  th ir d  s ta g e  la r v a e  could  be found f r e e  in the lumen o f  the  small  
i n t e s t i n e  in  immune mice up to  14 days a f t e r  c h a l l e n g e  and t h i s  they  
a t t r i b u t e d  to the  e f f e c t  o f  a n t i b o d i e s .  Although no mechanism was 
proposed they  suggested  th a t  t h e i r  f i n d i n g s  o f f e r e d  support for  th e  
r e s u l t s  o f  Panter (1969b ) .
The serum t r a n s f e r  exper iments  reported here gave d i s a p p o i n t in g  
r e s u l t s  in  th a t  the peak p r o t e c t i o n  achieved was only  26%. Other 
authors  have had a s i m i l a r  lack o f  s u c c e s s  (Chaicumpa, Jenkin and 
Rowley 1976,  Cypess 1970,  Panter 1969) .  In c o n t r a s t  Behnke and Parish
( l9 7 9 )  have demonstrated t h a t  serum f a c t o r s  do p lay  a r o l e  in  p r o t e c t i o n
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a g a in s t  N. d u b iu s . Transfer  o f  immune serum caused s t u n t i n g  o f  worms 
and a red uct ion  in  worm f e c u n d i t y ,  but was only  e f f e c t i v e  when th e  
serum was admin is tered  b e fo r e  day 6 of  i n f e c t i o n .  No e f f e c t  was 
found when serum was admin is tered  a f t e r  th e  p a r a s i t e s  had emerged 
from t h e  i n t e s t i n a l  t i s s u e .  There was an e a r ly  exp u ls ion  o f  larval  
s t a g e s  from serum r e c i p i e n t s ,  as worm counts  in  t r e a te d  groups were 
always lower than th o se  o f  c o n t r o l s .  However th e  most s u r p r i s in g  
f in d in g  was t h a t  serum r e c i p i e n t s  r e j e c t e d  almost a l l  ad u lt  worms 
a f t e r  th e  fourth  week o f  i n f e c t i o n .  This de layed  r e j e c t i o n  led th e  
authors  to  conc lude  t h a t  a second component was invo lved  in the  
e x p u l s io n  p r o c e s s ,  t h e  a c t i o n  of  which had been f a c i l i t a t e d  by th e  
immune serum. Such a dual mechanism for  worm exp u ls ion  has been 
proposed for  th e  e l i m i n a t i o n  o f  N. b r a s i l i e n s i s  from r a t s  ( O g i l v i e  
and Love 1974,  Love 197 5 ) .  These  authors envisaged  th a t  a f t e r  a n t i ­
b od ie s  had damaged worms a second ,  c e l l u l a r  component o f  th e  immune 
response  was r e s p o n s i b l e  for  m edia t ing  worm e x p u ls io n .  However, w i th  
N. b r a s i l i e n s i s  in  th e  mouse i t  was found t h a t  p a s s i v e l y  immunized 
animals  did  not e l i m i n a t e  th e  p a r a s i t e  and O g i l v i e  ( l 9 7 l )  su gges ted  
t h a t  t h i s  was because th e  second, s t e p  had not been induced.  Behnke 
and Parish  ( l 9 7 9 )  assumed t h a t  the  e f f e c t  o f  immune serum a g a in s t  
N. d u b i u s . when ad m in is tered  e a r l y  in  i n f e c t i o n ,  r e s u l t e d  from a d i r e c t  
a c t i o n  on th e  d ev e lo p in g  la r v a e  and th e  p reven t ion  o f  t h e  a c t io n  o f  
immunosuppressive p a r a s i t e  f a c t o r s .  F a i lu r e  o f  serum tr a n s f e r r e d  
l a t e r  in  i n f e c t i o n  was a t t r i b u t e d  to  an 'a lr ead y  compromised hos t  immune 
system or to  the  i n a c c e s s a b i l i t y  of  adult  worms in th e  gut  lumen.
Both s u g g e s t i o n s  .v/ould f i t  w e l l  th e  data  p resented  here .  Further  
e v id e n c e  for th e  involvement o f  serum f a c t o r s  in immunity to  N. dubius  
i s  th e  c o r r e l a t i o n  o f  a peak in  th e  serum IgG^ response  w ith  the  on se t  
o f  comple te  immunity in mice ( Prowse,  Ey end Jenkin 197 8 ) ,  al though  
how much of  t h i s  IgG^ was s p e c i f i c  to  N. dubius i s  not known. C ypess ,
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E berso le  and Mol inar i  ( l 9 7 7 )  and M o l in a r i , Eberso le  and Cypess ( l9 7 S )  
found t h a t  IgG^ l e v e l s  in  i n t e s t i n a l  p e r f u s a t e s  and in serum incr ease d  
over the  f i r s t  7 days of  a c h a l l e n g e  i n f e c t i o n  in  r e s i s t a n t  animals  
(2 p r e v io u s  i n f e c t i o n s )  and remained high t i l l  day 2 0 ,  th e  end o f  the  
s tu d y .  In n o n - r e s i s t a n t  animals ( l  p rev io u s  i n f e c t i o n )  th e  i n c r e a s e  
occurred between days 7 and 14 a f t e r  c h a l l e n g e .  As much as 45% of  
th e  IgG^ p r e s e n t  was found t o  be s p e c i f i c  anti-v.'orm antibody by the  
q u a n t i t a t i v e  an t ib od y-b in d in g  method o f  Nash and Heremans ( l 9 6 9 ) .
C r a n d a l l ,  Crandall  and Franco (1974)  a l s o  examined humoral respon ses  
t o  N. dubius in mice .  The e a r l y  phase of  i n f e c t i o n  was a s s o c i a t e d  
w ith  a drop in  IgG^ l e v e l s  b e fo re  a s i g n i f i c a n t  in c r e a s e  occurred .
However t h e  s i g n i f i c a n t  in c r e a s e  did not happen in  a l l  experiments  
and t h i s  i n c o n s i s t e n c y  d e t r a c t s  from t h e i r  f i n d i n g s .  Prowse,  M i t c h e l l ,
Ey and Jenkin ( l9 7 S )  in  t h e i r  study o f  the  s u s c e p t i b i l i t y  o f  hypothymie  
(nude,  nu/nu) B a lb /c  mice demonstrated t h a t  not  on ly  were IgG^ l e v e l s  
low in  Ba lb /c  nu/nu but a l s o  in  some o f  th e  Balb /c  nu/nu T - c e l l  
r e c o n s t i t u t e d  mice which were s t i l l  not r e s i s t a n t  to  i n f e c t i o n .  Their  
ex p la n a t io n  was th a t  a f u l l  complement of  T - c e l l s  was e s s e n t i a l  for  
th e  product ion  of  a high IgG^ response  and th a t  such a response  was 
Important in media t ing  complete  p r o t e c t i o n .  A high IgG^ l e v e l  may 
have been r e s p o n s i b le  for  th e  e f f e c t i v e n e s s  of  the  immune serum t r a n s ­
fe r r e d  e a r l y  in i n f e c t i o n  (Behnke and Parish  1979) and in  th e  r e s u l t s  
p resen ted  here .  Many authors  have reported  s u c c e s s f u l ,  and u n s u c c e s s f u l  
attempts  to  p a s s i v e l y  t r a n s f e r  immunity ‘with  serum, a g a in s t  a number 
of nematodes ( s e e  General  I n t r o d u c t i o n ) .  On o c c a s io n s  p r o t e c t i v e  
serum fr a c t io n s  have, .conta ined  IgG^ (J o n es ,  Edwards and O g i l v i e  1970)  
and la r g e  numbers o f  IgG^ ' producing c e l l s  have been found in  th e  m esen t ­
e r i c  lymph node o f  T. s p i r a l i s  i n f e c t e d  mice (Crandall and Crandall 197 2 ) ,
S e lb y  and
th e  organ in  l i n e  for an t igen  capture  ( s e e  Chapman e t  a l  1979) .  ^ ’ïVakelin 
( l 9 7 3 )  has s p ecu la ted  t h a t  IgG^ would appear to  have a l l  the  p r o p e r t i e s
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e s s e n t i a l  for an immunoglobulin which could  be involved  i n  immunity 
to  T. muris in mice .  Chapman e t  al  ( l 9 7 9 )  examined IgG^ l e v e l s  in  
M. c o r t i  and N. dubius i n f e c t e d  mice and a f t e r  u s in g  m u l t i p l e  high  
dose  i n j e c t i o n s  o f  SRBC as a model o f  chron ic  an t igen  exposure  (such  
as occurs  in N. dubius i n f e c t i o n )  concluded th a t  th e  IgG^ response  
a r i s e s  from a T - c e l l  dependent  s t im u la t io n  o f  B - c e l l s .  The T-depend-  
ence o f  the  IgG^ resp on se  i s  backed by the  r e s u l t s  o f  Prowse e t  al  
( l 9 7 8 )  d escr ib ed  e a r l i e r .
The f a i l u r e  to  demonstrate  th e  involvement  of  serum by means o f  
p a s s i v e  t r a n s f e r  exper iments  may be due to  the f a i l u r e  to  induce  
c o o p e r a t io n  w i th  other  components o f  th e  immune system and i s  probably  
r e l a t e d  to  th e  t iming and c o l l e c t i o n  and t r a n s f e r  o f  immune serum 
r e l a t i v e  to  i n f e c t i o n .  Chaicumpa, Jenkin and F i sc h e r  ( l 9 7 7 )  provided  
good ev idence  for  th e  involvement  of  serum in  immunity t o  N. d u b iu s . 
They demonstrated th a t  when N. dubius la r v a e  were suspended in  serum 
from immune mice ( i n t r a v e n o u s l y  immunized) in m i l l i p o r e  chambers and 
i n s e r t e d  i n t o  normal-mice t h e  c e l l s  from the normal mice were unable  
t o  damage (reduce  i n f e c t i v i t y )  o f  la r v a e  w i th in  th e  chamber al though  
th e  c e l l s  were ab le  to  c o n t a c t  the  la r v a e .  In c o n t r a s t  c e l l s  from 
immune animals did  damage la r v a e ,  but t r y p s in  treatment  ab o l i sh ed  t h i s  
a c t i v i t y  and th e  p r e s e n c e  o f  a s p e c i f i c  c y t o p h i l i c  ant ibody on the  
s u r fa c e  o f  t h e s e  c e l l s  was proposed (Chaicumpa and Jenkin 1978) .
T h i s ,  to g e th e r  with th e  r e s u l t s  of  Behnke and Parish  ( in  p r e s s )  p o in t s  
towards an important r o l e  for serum f a c t o r s  in  th e  immune r e s p o n s e . 
a g a in s t  N. dubius in  m ice .
CELL TRANSFERS AND.PI ELD STRAIN LARVAE
S u c c e s s f u l  t r a n s f e r s  o f  immunity a g a in s t  N. dubius have been  
reported  by Cypess ( l 9 7 0 )  and Behnke and Parish  ( l 9 B l ,  in  p r e s s )  u s in g  
SC and MLNC r e s p e c t i v e l y .  The exper iments  reported h e r e ,  in  which
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s i m i l a r  procedures  were used to  immunize th e  c e l l  donors d id  not  
produce the  l e v e l s  o f  p r o t e c t i o n  reported by t h e s e  authors .  In both  
experiments  MLNC were more e f f e c t i v e  in  t r a n s f e r r i n g  immunity than  
were SC a r e s u l t  which i s  not s u r p r i s i n g  s i n c e  t h e  MLN forms a major 
p art  of  th e  GALT. There are a number of  p o s s i b l e  ex p la n a t io n s  fo r  
t h i s  r e l a t i v e  lack o f  s u c c e s s ,  perhaps th e  most l i k e l y  one being the  
t im ing  o f  c h a l l e n g e  i n f e c t i o n  in r e l a t i o n  to  c e l l  t r a n s f e r .  In the  
p r e s e n t  work mice were ch a l l e n g e d  on th e  same day as they  were g iven  
c e l l s  and t h i s  may have exposed th e  c e l l s  to  'n ecros in*  or some other  
p a r a s i t e  product which could  have prevented t h e i r  a c t i o n .  Cypess ( l9 7 0 )  
and Behnke and Parish  ( l 9 8 l  in p r e s s )  delayed i n f e c t i o n  for  s e v e r a l  
days  a f t e r  c e l l  t r a n s f e r  and thus th e  c e l l s  may have been l e s s  s u s ­
c e p t i b l e  to  such f a c t o r s  and ab le  to  cooperate  w ith  hos t  c e l l s  to  
mount a r a p id ,  e f f e c t i v e  immune resp on se .
The r e l a t i v e  lack o f  s u c c e s s  w ith  the  c e l l  t r a n s f e r  exper iments  
l ed  t o  the  experiments in  which immunostimulation was a t tempted .  The 
aim behind t h i s  aporoach was to  b oos t  th e  a c t i v i t y  o f  t h e  monocyte-  
macrophage s e r i e s  s i n c e  macrophages are thought to be in vo lve d  in  th e  
response  a g a in s t  i n f e c t i o n s  of  N. dubius (Chaicumpa, Jenkin and F i sc h e r  
1 977) .  The Coumarin treatm ent  f a i l e d  to  cause  any change in  i n f e c t i o n  
c h a r a c t e r i s t i c s  in  terms o f  worm trapping  in  th e  i n t e s t i n a l  t i s s u e  
or in  worm e x p u ls io n  up u n t i l  day 20.  Macrophage a c t i v i t y  during  
i n f e c t i o n  was examined in  e a r l i e r  work ( s e e  S e c t i o n  l ( 2 ) )  but no check  
was made t o  determine i f  Coumarin did in  f a c t  a c t i v a t e  macrophages.  
However, i f  as t h e  r e s u l t s  o f  t h é  ac id -p h osp h atase  study s u g g e s t ,  
macrophages in NIH mice are a lready  h i g h l y  a c t i v e  then th e  Coumarin 
may not have been ab le  to  boos t  t h i s  a c t i v i t y .  The second attempt a t  
enhancing mono-nuclear phagocyte a c t i v i t y  ’was by sp lenectomy.
Splenectomy i s  known to  produce g r e a t l y  enhanced p h a g o c y to s i s  by
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macrophages and i t  has been suggested  th a t  t h i s  i s  due to th e  removal  
of  a suppressor  T - c e l l  p o p u l a t io n ,  or i t s  product (Skamene,
Chayas ir isobhan and Kongshavn 1978) .  In both experiments  reported  
here th ere  was no d i f f e r e n c e  in  egg counts  or mean ad u l t  worm recovery  
from c o n t r o l  and sp len ec tom ized  mice a f t e r  primary and secondary  
i n f e c t i o n .  These r e s u l t s  agree with  t h o s e  of  Baker (1955)  who showed 
th a t  sp lenectomized  mice g iv e n  2 x 400 N. dubius i n f e c t i v e  la r v a e  
harboured the  same number o f  worms at autopsy as did  mice g iven  1 x 800  
l a r v a e ,  i . e .  splenectomy had no e f f e c t  on r e s i s t a n c e  to  r e i n f e c t i o n .
The r e s u l t s  obta ined  by Behnke and Par ish  ( l9 7 9 )  in t h e i r  work 
on t h e  p a s s i v e  t r a n s f e r  of  immunity with  serum and t h o s e  o f  Jacobson,  
Brooks and Cypess ( l9B0)  i n d i c a t e  th a t  ad u lt  M. dubius can be e x p e l l e d  
from th e  mouse i n t e s t i n e .  However, l o s s  o f  worms from the i n t e s t i n e  
has not been recorded in t h i s  la b o r a to r y .
Day et  a l  ( l 9 7 9 )  have su gges ted  th a t  N. dubius i s  more r e s i s t a n t  
than other  p a r a s i t e s  to  i n t e s t i n a l  in flammation.  The c a p a c i t y  of  
N. dubius to  r e s i s t  inflammatory changes was t e s t e d  by expos ing  
N. dubius to  the  inf lammation which was generated by a p r io r  i n f e c t i o n  
with  T, s p i r a l i s .  Adult Kb dubius worms were t r a n s f e r r e d  by la p a ro ­
tomy at v ar iou s  t imes  a f t e r  t h i s  i n f e c t i o n .  The r e s u l t s  prov ide  c l e a r  
ev idence  th a t  although adult  N. dubius did e s t a b l i s h  i n  t h e  i n t e s t i n e  
a f t e r  t r a n s f e r  the  worms were s u bseq uen t ly  r e j e c t e d  by t h e  inflamma­
t i o n  induced by T. s p i r a l i s  which i s  thought t o  be n o n - s p e c i f i c  in  
i t s  a c t i o n .  No ev idence  e x i s t s  t o  show a n t ig e n ic  c r o s s - r e a c t i v i t y  
between T. s o l r a l i s and M. dubius and s i n c e  the  N. dubius adu lt  worms 
were e s t a b l i s h e d  for on ly  a few days i t  i s  u n l i k e l y  t h a t  they  would 
have generated  a response  e f f e c t i v e  a g a in s t  them selves  in  such a s h o r t  
t im e .  These r e s u l t s  would support th e  h y p o th e s i s  t h a t  th e  f i n a l  s t e p  
in  worm e x p u ls io n  can be a n o n - s p e c i f i c  event  ( s e e  D i s c u s s i o n ,
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Kennedy 1980) induced by changes  in  th e  i n t e s t i n a l  environment which  
make p a r a s i t e  s u r v iv a l  i m p o s s ib le .  However, Cypess e t  a l  ( l 9 7 7 )  
cou ld  f ind  no h i s t o l o g i c a l  changes  in th e  i n t e s t i n e s  o f  LAF  ^ mice  
during th e  normal ex p u ls io n  o f  N. dubius and t h i s  s u g g e s t s  t h a t  even 
although inflammation may have caused ex p u ls io n  o f  N« dubius in  th e  
experiments  reported in  t h i s  s tud y ,  i t  may not  be an e s s e n t i a l  
requirement  for worm e x p u l s io n .  The hos t  may have a v a r i e t y  of  
immune mechanisms which can op era te  a g a i n s t  i n t e s t i n a l  p a r a s i t e s .
I f  one mechanism i s  compromised another may come i n t o  a c t i o n  with  
t h e  same r e s u l t .
The use  o f  N. dubius f i e l d  s t r a i n  v/as in tended t o  prov ide  some 
in form at ion  o f  p o s s i b l e  s t r a i n  d i f f e r e n c e s  in  i n f e c t i o n  c h a r a c t e r i s t i c s  
w it h in  th e  s p e c i e s  N, d u b iu s . S t r a i n  d i f f e r e n c e s  in  i n f e c t i o n  
c h a r a c t e r i s t i c s  have been recorded by other  authors  and i t  i s  p o s s ­
i b l e  t h a t  long term p assage  in th e  labora tory  may have s e l e c t e d  for  
a s t r a i n  which i s  r e l a t i v e l y  r e s i s t a n t  to  th e  hos t  immune resp on se .
Such a p o s s i b i l i t y  i s  an important c o n s i d e r a t i o n  in  s t u d i e s  on r e s i s ­
ta n c e  and might e x p la in  t h e  long-term s u r v iv a l  o f  th e  p a r a s i t e  in  
l a b o r a to r y  mice .
Evidence for  changes in  N, dubius a f t e r  only  a few passages  
through lab o ra to ry  mice has been provided by th e  work o f  Dobson and 
CXven ( l 9 7 7 ) ,  who showed th a t  th e  numbers o f  N. dubius which e s t a b l i s h e d  
in  Quackenbush (q ) mice in cr ea se d  with  th e  number o f  p a ssa g es  through  
t h i s  s t r a i n .
The s t r a i n  o f / p a r a s i t e  maintained  in  t h i s  lab ora tory  i s  equ iv ­
a l e n t  to  the  s u b s p e c i e s  He l iomosomoides polvovrus  b a k e r i . according  
to  th e  c r i t e r i a  o f  D u r e t t e - D e s s e t , K i n s e l la  and F o r r e s t e r  ( l 9 7 2 ) ,
Behnke and Parish  ( l 9 7 9 )  • H. p. bakeri  i s  thought  to  have a r i s e n
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from the  Old '.Vorld s t r a i n  HeliamosoTioides Dolvavr'JS p o l v o v r u s . a para ­
s i t e  o f  murid rodents  of  th e  Genera Mus and Apodemus ( D u r e t t e -D e s s e t  
e t  al 1972,  F o r r e s t e r  and N e i l s o n  1973) .  The f i e l d  s t r a i n  of  N. dubius  
used in  t h i s  study i s  t h e r e f o r e  l i k e l y  to  be H. p. o o ly g y r u s .
The f i r s t  experiment demonstrated t h a t  d e s p i t e  immunosuppressive  
treatm ent  o f  the  h o s t ,  the  f i e l d  s t r a i n  o f  N, dubius was unable to  
s u r v iv e  at  the  numbers and w ith  th e  egg product ion  l e v e l s  a s s o c ia t e d  
w ith  a lab ora tory  s t r a i n  i n f e c t i o n  in lab o ra to ry  mice .  The r e s u l t s  
of  t h e s e  i n f e c t i o n s  can be e x p l a i n e d ‘ in  two ways:
1. the  f i e l d  s t r a i n  i n f e c t i o n  i s  more immunogenic than  
t h e  lab o ra to ry  s t r a i n  p a r a s i t e ,
or 2 .  the  p a r a s i t e s  are e q u a l ly  immunogenic but lab ora tory  
s t r a i n  p a r a s i t e s  are ab le  to  circumvent th e  response  
whereas f i e l d  s t r a i n  p a r a s i t e s  are n o t .
The c h a l l e n g e  i n f e c t i o n  with  lab ora tory  s t r a i n  i n f e c t i o n  demonstrated  
th a t  al though th e  two p a r a s i t e s  have remarkably d i f f e r e n t  i n f e c t i o n  
c h a r a c t e r i s t i c s  in NIH mice they  apparent ly  share common ( c r o s s - r e a c t i n g )  
a n t ig e n s  s i n c e  th e  f i e l d  s t r a i n  i n f e c t i o n  provided a high l e v e l  of  
p r o t e c t i o n  a g a in s t  a la b o r a to r y  s t r a i n  c h a l l e n g e .  In f a c t  g r e a t e r  
p r o t e c t i o n  than a homologous immunizing i n f e c t i o n .  R e ten t ion  o f  f i e l d  
s t r a i n  lar vae  in  th e  i n t e s t i n a l  t i s s u e  would have r e s u l t e d  i n  a g r e a te r  
exposure o f  th e  host  to  l a r v a l  a n t ig e n s  and may be th e  reason for the  
p r o t e c t i o n  but t h e s e  la r v a e  may have been more immunogenic than l a b ­
ora tory  s t r a i n  la r v a e .  The r e t e n t i o n  o f  the  f i e l d  s t r a i n  la r v a e  w i t h in  
t h e  t i s s u e s  makes i t  im p o s s ib l e  to  d e c id e  between t h e s e  two h y p o th e ses .
Dobson and O/en ( l9 7 7 )  po in ted  out th a t  th e  in c r e a s e  in  i n f e c t ­
i v i t y  of  th e  p a r a s i t e  a f t e r  ten  s e r i a l  p assages  through Q mice was 
s p e c i f i c  for  Q mice s in c e  C^H became more r e f r a c t o r y  t o  i n f e c t i o n .
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They a l s o  showed an apparent in c r e a s e  in immunogenicity of  t h e  para­
s i t e  s i n c e  th e  numbers of  worms e x p e l l e d  by day 28 from Q and C^ H 
was in c r e a s e d .  The in cr ea se d  ex p u ls io n  was a t t r ib u t e d  t o  th e  s e l e c ­
t i o n  o f  a g e n e t i c a l l y  homogeneous p o p u la t io n .  The long term i n f e c ­
t i o n s  ; obta ined  with  N. dubius in t h i s  lab ora tory  s u g g es t  th a t  enhanced 
immunogenlcity has not occurred or t h a t  th e  p a r a s i t e  avo ids  th e  sub­
sequent  h o s t  re sp on se .  The r e s u l t s  of  Dobson and Owen ( l9 7 7 )  do not  
f i t  th e  h y p o th e s i s  t h a t  th e  h o s t - p a r a s i t e  r e l a t i o n s h i p  e v o lv e s  towards  
s p e c i f i c  u n re s p o n s iv e n e ss  o f  the  h os t  in  t h e  presence  o f  p a r a s i t e  
a n t ig e n s  or a red u c t ion  in  a n t ig e n ic  s t i m u l a t i o n  by th e  p a r a s i t e .
The r e l a t i o n s h i p  of  N. dubius  in NIH mice does appear t o  f i t  t h i s  
h y p o t h e s i s .  Various authors  have reported on changes in  p a r a s i t e  
i n f e c t i v i t y  a f t e r  s e r i a l  p assages  through th e  same or d i f f e r e n t  host  
s p e c i e s .  There seems to  be no agreement about whether the  p a r a s i t e  
l o s e s  or r e t a i n s  i n f e c t i v i t y  for  th e  o r i g i n a l  or for o ther  h o s ts  
(compare r e s u l t s  o f  Solomon and Haley ( l % 6 )  on N. b r a s i l i e n s i s . with  
th ose  o f  Wescott  and Todd ( l9 6 6 )  with  the  same p a r a s i t e ,  and F o r r e s t e r  
and N e i l s o n  ( l9 7 3 )  on N. d u b iu s ) .
IRRADIATED LARVAE
The e a r l i e r  p arts  o f  t h i s  s e c t i o n  have d escr ib ed  th e  r e s u l t s  o f  
th r e e  methods of  immunizing mice a g a in s t  N. d u b iu s . These were:
1. m u l t i p l e  i n f e c t i o n  with  normal lar vae  
and 2.  i / p  i n j e c t i o n  o f  exsheathed l a r v a e ,
both forms o f  homologous immunization,  and
3 .  h e te r o lo g o u s  immunization us ing  i n f e c t i o n s  w ith  a f i e l d  
s t r a i n  o f  N. d u b i u s .
The major drawbacks o f  t h e s e  methods are th a t  they  are  t ime consuming  
and r e q u ir e  l a r g e  numbers o f  la r v a e  or t h a t  in  the  c a s e  o f  h e tero lo g o u s  
immunization la r v a l  a v a i l a b i l i t y  i s  s t r i c t l y  l i m i t e d .  Other methods  
o f  immunization u s u a l l y  in v o l v i n g  the  use  of  l a r v a l  a n t ig en  p rep a ra t io n s
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have been t r i e d  with  vary ing  degrees  o f  s u c c e s s  (Van Zandt 1962,
Cypess 1970,  Rubin,  Leuker,  Flom and Andersen 1971) .  I r r a d i a t i o n  
a t tenu ated  p a r a s i t e s  have been used with  a g r e a t  d e a l  o f  s u c c e s s  in  
a number of  systems but have not been t r i e d  with  N. d u biu s . M i l l e r  
(1967) has o u t l in e d  th e  g e n e r a l  p r i n c i p l e s  invo lved  in  th e  use  o f  
i r r a d i a t e d  l a r v a l  v a c c i n e s  and has emphasized the  need to  e s t a b l i s h  
the  c h a r a c t e r i s t i c s  o f  i n f e c t i o n  with  i r r a d ia t e d  la r v a e  a t  v a r io u s  
dose  l e v e l s  o f  i r r a d i a t i o n ,  • This  i s  p a r t i c u l a r l y  important in  the  
c l i n i c a l  s i t u a t i o n  where s e l e c t i o n  for r a d i o - r e s i s t a n t  s t r a i n s  must 
be avoided .  The f i r s t  t h r e e  experiments  were des igned  to a s s e s s  th e  
e f f e c t  of  v a r io u s  d oses  o f  i r r a d i a t i o n  on the  growth and surv iva l  of  
th e  p a r a s i t e .
The l e v e l  o f  i r r a d i a t i o n  chosen in th e  f i r s t  exper iment ,  6 . 5  k . r a d s ,  
i s  known to have some e f f e c t  on the  normal development o f  o ther  i n t e s t ­
i n a l  he lm inth s .  The r e s u l t s  p resented  here  were in agreement with  
th o s e  o f  Behnke,  Parish  and Hagan ( in  p r e s s )  in  t h a t  egg p roduct ion  by 
female  worms was a l l  but a b o l i s h e d .  There ere two p o s s i b l e  reason s  for  
t h i s .  The obvious  one i s  t h a t  i r r a d i a t i o n  had a d i r e c t  e f f e c t  on the  
female  worms; t h i s  e f f e c t  i s  probably r e s p o n s i b l e  for most o f  the  
red u c t io n  in  egg c o u n ts .  However i r r a d i a t i o n  could  a l s o  ac t  a g a in s t  
male worms and thus  have an i n d i r e c t  e f f e c t  on female egg p rod uct ion .  
Authors working on other  systems have recorded t h a t  male worms are  
more s u s c e p t i b l e  to  th e  e f f e c t s  o f  i r r a d i a t i o n  than are female  worms 
end t h a t  t h i s  holds  for N. dubius has been demonstrated by Behnke 
et  a l . There was a s i g n i f i c a n t l y  decreased  worm recovery  from the  
mice g iven  6 . 5  k.r.ads i r r a d i a t e d  la rvae  in th e  f i r s t  experiment but  
such a r e d u c t io n ,  at  t h i s  dose l e v e l ,  was not recorded in  subsequent  
exoer im ents .
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These l a t e r  exper iments  demonstrated t h a t  i r r a d i a t i o n  at 15 K .ra d s ,  
and above,  damages t h e  p a r a s i t e  p revent in g  i t  from emerging from th e  
mucosa.  The r e s u l t s  o f  Behnke et  a l  i n d i c a t e  th a t  th e  numbers o f  worms 
recovered  from mice s t a r t s  t o  be reduced at l e v e l s  o f  i r r a d i a t i o n  from 
lO k .r a d s  upwards. I t  might be assumed t h a t  t h e  la r v a e  are then  
e v e n t u a l l y  overcome by th e  h o s t s  respon se  but the  ev idence  p resen ted  
here i n d i c a t e s  t h i s  i s  not  th e  cause  o f  th e  reduced numbers o f  worms 
recovered from mice g iven  i r r a d i a t e d  la r v a e  s i n c e  immunosuppressive  
trea tm ent  (with Ca) did not in c r e a s e  worm r e c o v e r i e s .  The CA was 
admin is tered  ra ther  l a t e  in  th e  i n f e c t i o n  and rray not have had any 
g r e a t  e f f e c t .  However, Behnke e t  a l  have obtained  th e  same r e s u l t  
when CA was g iven  every two days from th e  day o f  i n f e c t i o n .
In th e  experiments p resen ted  h e r e ,  and in th o se  of  Behnke e t  a l ,  
i r r a d i a t i o n  o f  worms had i t s  main e f f e c t  w i t h in  the  t i s s u e s  o f  the  
h o s t ,  s i n c e  th e  larvae  f a i l e d  to  d eve lop  and emerge i n t o  th e  i n t e s t ­
i n a l  lumen. The p a r a s i t e s  which did emerge were capable  of  s u r v iv in g  
u n t i l  a t  l e a s t  day 35 o f  i n f e c t i o n  and th e r e  was no ev idence  o f  a 
f u r th e r  l o s s  o f  worms over t h i s  t ime p e r i o d ,  Behnke e t  a l . have shown 
t h a t  th e  subsequent s u r v i v a l  o f  i r r a d i a t e d  p a r a s i t e s  i . e .  a f t e r  f i v e  
weeks p o s t  i n f e c t i o n ,  i s  a f f e c t e d  and t h a t  th e s e  worms are l o s t  from 
th e  i n t e s t i n e .
The work p resented  in  th e  p a p e r . w i l l  not be d i s c u s s e d  again but  
i t  i s  perhaps u s e f u l  t o  be reminded o f  th e  important p o i n t s .  The 
most important v a r i a b l e  in  s t im u la t in g  immunity w ith  i r r a d ia t e d  larvae  
was th e  dose o f  i r r a d i a t i o n  used .  Leve ls  o f  10-30 k .r a d s  were eq u a l ly  
e f f e c t i v e .
Provided t h i s  dose  o f  i r r a d i a t i o n  was used th e  number o f  immun­
i z i n g  doses  was unimportant .  The prolonged exposure to  l a r v a l  a n t igen s
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which th e  h os t  r e c e i v e s  as a r e s u l t  o f  i n f e c t i o n  with  i r r a d i a t e d  
l a r v a e  i s  probably th e  most important f a c t o r  in  c o n f e r r in g  the  s tron g  
immunity to  r e - i n f e c t i o n ,  Behnke and IVakeiln ( l 9 7 7 )  have provided  
ev idence  to  show t h a t  when t h e  hos t  i s  exposed to  a d iv id e d  i n f e c t i o n ,  
which exposes  i t  to  l a r v a l  s t a g e s  for  a c o n s id e r a b ly  longer  per iod  
o f  t ime than does a s i n g l e  i n f e c t i o n ,  th e  immunity evoked i s  much 
g r e a t e r .
The experiments f o l l o w i n g  th o se  p resented  in the  paper have 
demonstrated th a t  down to  a lower l i m i t  o f  100 la r v a e  th e  number of  
i r r a d i a t e d  larvae  admin is tered  i s  not important in determining  the  
l e v e l  o f  p r o t e c t i o n  to  subsequent c h a l l e n g e ,  Panter ( 1969a) provided  
ev idence  th a t  a s i n g l e  i n f e c t i o n  o f  50 normal larvae  was as e f f e c t i v e  
as 200 normal la r v a e  in  s t im u l a t i n g  immunity to  c h a l l e n g e .  S i n g l e  
and m u l t i p l e  i n f e c t i o n s  have a lread y  been comoared (Experiment 57)  
but  in  t h a t  experiment th e  c h a l l e n g e  i n f e c t i o n  used to  a s s e s s  the  
l e v e l  o f  immunity was admin is tered  w i th in  16 days o f  the  l a s t  immun­
i z i n g  i n f e c t i o n .  As a r e s u l t ,  t h e  c h a l l e n g e  i n f e c t i o n  of  normal la r v a e  
may have been caught up in  th e  resp on se  which was a lready  underway 
a g a in s t  th e  immunizing i n f e c t i o n s .  To t e s t  whether the  immunity 
induced by i r r a d i a t e d  la r v a e  l a s t e d  beyond t h i s  time, a de layed  c h a l ­
lenge  was g iven  to  mice  which had been immunized with  a s i n g l e  dose  
o f  i r r a d i a t e d  la r v a e  (Experiment 5 9 ) .  The r e s u l t s  showed t h a t  even 
when t h e  c h a l l e n g e  i n f e c t i o n  with  normal lar vae  was delayed fo r  45 days  
t h e  l e v e l  o f  p r o t e c t i o n  was not on ly  as h igh as when th e  c h a l l e n g e  
i n f e c t i o n  was g ive n  17, days a f t e r  immunization but a l s o  as high as in  
mice th a t  had been'giv-en.'.3 d oses  o f  i r r a d i a t e d  la r v a e .  M i l l e r  ( l9 6 5 )  
has shown t h a t  immunity to  A. c a n i num. a f t e r  v a c c i n a t i o n  w ith  i r r a d i a t e d  
l a r v a e ,  p e r s i s t s  fo r  a t  l e a s t  seven months end i s  not enhanced by 
b o o s te r  i n f e c t i o n s  during t h i s  p e r i o d .  Although in  the  p r e s e n t  s t u d i e s
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th e  period  between immunizing and c h a l l e n g e  i n f e c t i o n s  was on ly  45
days th e r e  was no ev idence  o f  waning o f  immunity with  t im e.
The immunosuppressive e f f e c t  o f  K. dubius which d e layed  th e  exp­
u l s i o n  o f  concurrent  i n f e c t i o n s  of  T. s o l r a l i s  from mice was s t i l l  
o p e r a t i v e  when th e  N. dubius la r v a e  had been i r r a d i a t e d  at 15 k . r a d s .  
This  ev idence  favours  th e  in d u c t io n  o f  th e  immunosuppressive a c t i o n  
by th e  l a r v a l  s t a g e  but a l s o  s u g g e s t s  th a t  th e  immunosuppression  
caused by the  p a r a s i t e  can not be w h o l ly  r e s p o n s i b l e  for  th e  l i m i t e d  
immunity obtained  a f t e r  a s i n g l e  i n f e c t i o n  of  normal l a r v a e .  This  
i n t e r p r e t a t i o n  assumes o f  course  th a t  th e  mechanism which d e l a y s  
t« s p i r a l i s  e x p u ls io n  i s  th e  same as t h e  mechanism which a id s  th e  
s u r v i v a l  o f  N. d u b iu s . Larvae i r r a d i a t e d  at  15 k .r a d s  s t i l l  produced  
a strong  immunity to  c h a l l e n g e  i n f e c t i o n  with  normal N. dubius larvae  
d e s p i t e  t h e  f a i l u r e  o f  many of th e  la r v a e  in  t h e  immunizing d ose  t o  
com plete  development.  The s t a g e  at  which development i s  a f f e c t e d  by 
i r r a d i a t i o n  i s  not known p r e c i s e l y .
I r r a d ia te d  larvae  were used in  t h i s  study in  t h e  hope t h a t  they  
would p rov id e  a quick and e f f e c t i v e  method o f  immunizing mice a g a in s t  
N. dubius with  th e  aim of  be ing  ab le  to  t r a n s f e r  t h i s  immunity to  
n a iv e  mice  w ith  c e l l s  and serum. The one experiment (Experiment 60)  
in  which t h i s  was attempted did not g i v e  c l e a r - c u t  r e s u l t s .  The 
p o s s i b i l i t i e s  t h a t  th e  c e l l s  e s s e n t i a l  f o r  e f f e c t i v e  t r a n s f e r  of  
immunity were absent  or p r e s e n t  on ly  in low numbers in  th e  MLN cannot  
be exc luded .  'Vakelin and Lloyd ( l9 7 6 b )  demonstrated th a t  c e l l s  taken  
from donors th a t  had been m u l t i p l y  immunized a g a in s t  T. s o l r a l i s  d id  
not t r a n s f e r  high l e v e l s  o f  immunity a g a i n s t  t h i s  p a r a s i t e .  I t  was 
su gges te d  t h a t  th e  numbers o f  memory c e l l s  ( a n t i -T. s o l r a l i s ) p r e s e n t  
in  t h e  MLNs o f  th e s e  mice would not be any g r e a t e r  a f t e r  m u l t i p l e  
immunization than a f t e r  a s i n g l e  i n f e c t i o n .  Equally  p o s s i b l e  i s  th e
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s u g g e s t i o n ,  g iv e n  e a r l i e r ,  t h a t  th e  c e l l s  were exposed to  p a r a s i t e  
f a c t o r s  which prevented  t h e i r  a c t i o n .  The v a lu e  o f  i r r a d i a t e d  la r v a e  
in s t i m u l a t i n g  a t r a n s f e r r a b l e  immunity has y e t  to be r e a l i s e d  but  
th e  r e s u l t  from Group B (Experiment 60) i n d i c a t e s  th at  th e  c e l l s  do 
hàv.e some a c t i v i t y  and t h a t  once the  t im ings  of  i n f e c t i o n s  and t r a n s ­
f e r s  have been I n v e s t i g a t e d  i r r a d i a t e d  la rvae  may w e l l  prove to  be 
very  u s e f u l .
I n t r a s p e c i f i c  v a r i a t i o n  in  hos t  r e s p o n s i v e n e s s  has been recorded  
in  a number o f  h o s t - p a r a s i t e  systems ( s e e  Review, Wakelin 1978) and 
has a l s o  been documented for N. dubius in  mice (Spurlock 1943,  Liu 
1966,  Zidian 1975 [M.Sc.  quoted Cypess e t  a l  1977] and Prowse e t  al  
197 9 ) .  With in c r e a s i n g  i n t e r e s t  in  the  g e n e t i c  c o n tr o l  o f  immune 
resp on ses  and the a v a i l a b i l i t y  o f  congenic  mice i t  has become appar­
ent  t h a t  g e n e t i c a l l y  determined d i f f e r e n c e s  may prov ide  a key t o  
th e  understanding o f  th e  immune/inflammatory mechanisms r e s p o n s i b l e  
f o r - p a r a s i t e  e l i m i n a t i o n .  Wakelin ( l9 8 0 )  and Wakelin end Donachie
( l9 8 0 )  have a lr eady  made use  o f  g e n e t i c a l l y  d e f in ed  h os t  s t r a i n s  for  
t h e i r  seminal work with  T. s o l r a l i s  in  the  mouse.
V a r ia t io n s  in r e s p o n s iv e n e s s  t o  N. dubius cover a comple te  
spectrum, ranging from t h e  ch ron ic  i n f e c t i o n s  which occur in  NIH mice  
t o  th e  sh o r t  term i n f e c t i o n s ,  ending in  worm e x p u l s io n ,  which occur  
in  LAF^  mice (Cypess e t  a l  1 9 7 7 ) .  The r e a s o n ( s )  for  t h e s e  d i f f e r e n c e s  
in  r e s p o n s i v e n e s s  are not known and i t  i s  a l s o  not  known i f  the  
immuncsuporessive a c t io n  o f  N. dubius so obvious  in  NIH mice during  
i n f e c t i o n  a l s o  occurs  in  LAF  ^ mice or in  o ther  mouse s t r a in s *
The e x i s t e n c e  o f  g e n e t i c a l l y  determined v a r i a t i o n s  in  r e s p o n s ­
iv e n e s s  i s  an important f a c t o r  t h a t  must be cons idered  when a v a c c i n e  
i s  to  be used in  a c l i n i c a l  s i t u a t i o n  and I t  i s  t h e r e f o r e  an important
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a s p e c t  t o  study in  exper imenta l  s y s t e m s ,  such as th e  use  o f  i r r a d ­
i a t e d  larvae  in  s t im u l a t i n g  immunity to  N. d u b iu s . The study d e s ­
cr ib ed  here was intended  to  determine i f  th e  response  evoked by 
i r r a d i a t e d  larvae  was in  some way a s s o c i a t e d  with  th e  r a p id -  responder  
s t a t u s  o f  th e  MIH mice t h a t  had been used in  th e  e a r l i e r  s t u d i e s .
ThG r e s u l t s  were ex trem ely  i n t e r e s t i n g *  In a l l  the  s t r a i n s  
t e s t e d  two doses  of  i r r a d i a t e d  la r v a e  gave s o l i d  p r o t e c t i o n  a g a in s t  
a c h a l l e n g e  i n f e c t i o n ,  as a s s e s s e d  by egg counts  and by mean a d u l t  
worm r e c o v e r i e s  on day 35 p o s t  c h a l l e n g e .  Therefore  i t  can be c o n ­
cluded t h a t  the resp onse  to  a t ten u a ted  p a r a s i t e s  i s  s t r a i n  independ­
en t  and i s  r e l a t e d  to  an in h e r e n t  p roperty  o f  i r r a d i a t e d  la r v a e .  
However, perhaps th e  most i n t e r e s t i n g  r e s u l t  was th e  i n t r a s p e c i f i c  
v a r i a t i o n  measured a f t e r  immunization with  two d oses  o f  normal l a r v a e ,  
NIH, CFLP and C^^/miH mice g iv e n  t h i s  immunizing schedule  were a l l  
reason ab ly  w e l l  p r o te c t e d  a g a in s t  a c h a l l e n g e  i n f e c t i o n ,  a lthough  
t h e  e x t e n t  o f  t h i s  p r o t e c t i o n ,  aboutSO % was not as g r e a t  as th a t  
produced by i r r a d i a t e d  la r v a e .  C^^ Black mice on th e  o ther  hand did  
not  respond w e l l  t o  2 d oses  o f  normal la r v a e  and t h i s  was r e f l e c t e d  
in  the  l e v e l s  o f  p r o t e c t i o n  a g a in s t  c h a l l e n g e  i n f e c t i o n ,  which a vera ­
ged about 5C^* As C^^/NIH mice responded as w e l l  t o  two d oses  o f  
normal la r v a e  as did  NIH mice i t  can be concluded t h a t  r e s p o n s i v e n e s s  
i s  i n h e r i t e d  as a dominant c h a r a c t e r i s t i c .  The f a c t  t h a t  C^^Black 
mice responded as w e l l  t o  immunization w ith  i r r a d i a t e d  la r v a e  as did  
th e  o ther  s t r a i n s  o f  mice s u g g e s t s  th a t  t h e r e  may w e l l  be some t h r e s h ­
old  requirement of  an t igen  exposure  requir ed  to  s t im u la t e  p r o t e c t i o n .  
T h is  th r e s h o ld  may have been exceeded for  a l l  the  s t r a i n s  in t h i s  
study by 2 doses  o f  i r r a d i a t e d  la r v a e  but not in  by 2 d oses  o f  
normal l a r v a e .  V/hat mechanism may u n d e r l i e  t h i s  th resh o ld  e f f e c t  in  
mice? One p o s s i b l e  e x p la n a t io n  i s  th a t  th e  response  i n i t i a t e d  by
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i r r a d i a t e d  larvae  in  th e  gut  t i s s u e  i s  much more i n t e n s e  and p e r s i s ­
t e n t  than that  s t im u la ted  by normal lar vae  and, as a r e s u l t ,  the  
invading c h a l l e n g e  i n f e c t i o n  i s  s im ply  caught up in  t h i s  re s p o n se .  
However ev idence  from e a r l i e r  exper iments  w ith  i r r a d i a t e d  larvae  
in MIH mice s u g g e s t s  t h a t  the  t ime o f  c h a l l e n g e  a f t e r  immunization  
w ith  i r r a d i a t e d ■larvae  i s  not  important in determining th e  magnitude  
of th e  resp on se  to  c h a l l e n g e ,  When NIH mice were ch a l l en ged  at 17 
or 45 days pos t  immunization p r o t e c t i o n  was s t i l l  g r e a te r  than 90%, 
Although th e r e  i s  no data on t h i s  p o in t  for  m ice ,  i t  seems l i k e l y  
t h a t  immunity to  c h a l l e n g e  was not simply  due to a p e r s i s t e n t  response  
from the immunizing i n f e c t i o n s .  Therefore  i t  may be th at  a higher  
th r e s h o ld  o f  immune s t im u l a t i o n  i s  requir ed  to  t r i g g e r  an e f f e c t i v e  
response  in  mice .  This  might ex p la in  th e  d i f f e r e n c e s  in  the  
number of  normal i n f e c t i o n s  required t o  immunize d i f f e r e n t  s t r a i n s  o f  
mice .
Wakelin ( l9B0)  and Wakelin and Donachie ( i9 6 0 )  have suggested  
t h a t  the  f a i l u r e  of  C^^Black mice to  expe l  T. s o l r a l i s  as r a p i d l y  as 
do NIH mice i s  due to  t h e i r  s low ness  in  t r a n s l a t i n g  the immune s t im ­
u l a t i o n  of  lymph node c e l l s  i n t o  th e  e f f e c t o r ,  inflammatory response  
which e x p e l s  ad u lt  worms. S in c e  macrophages and e o s i n o p h i l s  appar­
e n t l y  p lay  an important r o l e  in  th e  granulomatous r e a c t i o n  (n od ules )  
about N. dubius in  th e  gut  i t  may be t h e  p r o c e s s e s  invo lved  in  arming 
and t r i g g e r i n g  th e s e  c e l l s  which are d e f e c t i v e  in C^^Black mice .  At 
th e  day o f  autopsy (day 35) in t h i s  experiment th ere  was no ev idence  
of  any nodule formation in  th e  C^^Black mice even in  the  mice immuni­
zed w i th  i r r a d ia t e d ^ la r v a e  so i t  may be t h a t  a s e p a r a te  mechanism i s  
in v o lv e d  in  th e  e l im i n a t i o n  o f  N. d u b iu s .
In many o f  the  c a s e s  where i r r a d i a t e d  la rvae  have been used as 
a means of  s t im u la t in g  a p r o t e c t i v e  immune response  th e r e  has been some
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c o n tr o v e r s y  as t o  whether or not the  i r r a d i a t e d  la r v a e  are more 
immunogenic than normal la r v a e  i . e .  whether larva  for  larva  th ey  
produce a b e t t e r  response  than do normal la r v a e .  I t  i s  d i f f i c u l t  
t o  imagine t h a t  the  i r r a d i a t i o n  used in  t h i s  study a c t u a l l y  changed 
the  q n t i g e n i c  s t r u c t u r e  o f  N. d u b iu s . However, because of  the  
damage to  th e  development of  th e  p a r a s i t e  i t  i s  p o s s i b l e  t h a t  the  
q u a n t i ty  ra ther  than th e  q u a l i t y  o f  the p r o t e c t i v e  a n t igen s  a v a i l ­
ab le  t o  the  h o s t ,  and hence p r o t e c t i o n ,  was i n c r e a s e d .  Agyei and 
C atty  ( i9 6 0 )  have suggested  th a t  t h i s  occurs  w ith  T. s p i r a l i s .
Larvae g ive n  low d o s es  o f  i r r a d i a t i o n  apparent ly  produce more a n t i ­
gen ic  m a te r ia l  than do normal l a r v a e .  Another and perhaps more 
f e a s i b l e  exp lan at ion  i s  t h a t  i r r a d i a t i o n  d e la y s  development and 
maturat ion  of  the  p a r a s i t e  a l lo w in g  t ime fo r  th e  h o s t  to  mount an 
e f f e c t i v e  response* As a r e s u l t  the larvae  are destroyed  in  the  
t i s s u e  and the  host  i s  exposed to  a g r e a t e r  amount o f  a n t ig e n ic  
m a t e r i a l s ,  in c lu d in g  somatic  a n t i g e n s ,  r e s u l t i n g  in  in c r e a se d  p r o ­
t e c t i o n .  Support for  t h i s  comes from the  f a c t  th a t  m u l t i p l e  immuni­
z a t i o n  s c h e d u l e s ,  which extend the d urat ion  o f  hos t  exposure to  
l a r v a l  a n t i g e n s ,  a l s o  produce g r e a t e r  p r o t e c t i o n  than do s i n g l e  
l a r g e  doses  o f  l a r v a e .
There  may not be any s i n g l e  reason why d i f f e r e n t  mouse s t r a i n s  
re q u ir e  d i f f e r e n t  l e v e l s  o f  s t i m u l a t i o n  t o  produce th e  same p r o t e c t ­
i v e  r e s p o n se .  I t  i s  known t h a t  th e  immune response  i s  under g e n e t i c  
c o n t r o l  at  a l l  p o i n t s  between in d u ct io n  and exp ress ion  and fu r th e r  
more i s  s u b jec t  t o  the  g e n e t i c a l l y  c o n t r o l l e d  modulating a c t i v i t y  
o f  h e lp er  and suppressor  c e l l  p o p u l a t io n s .
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No matter what t h e  reason i s ,  the  double immunization with  
i r r a d i a t e d  larvae  (and perhaps even a s i n g l e  immunization) i s  
enough to  p r o t e c t  a l l  s t r a i n s  t e s t e d  a g a in s t  a subsequent c h a l l e n g e  
i n f e c t i o n  w i th  normal larvae  i n d i c a t i n g  t h a t ,  with the  appropria te  
s t i m u l a t i o n  g e n e t i c  v a r i a t i o n s  in Immune r e s p o n s iv e n e s s  can be 
c ircumvented .
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SU.\?/ AP.Y DISCl'SS ION
The m a jo r i ty  of  la b o ra to ry  models o f  i n t e s t i n a l  helminth  
i n f e c t i o n  used today are th o se  in  which p a r a s i t e  e l i m i n a t i o n  from 
th e  h o s t  occurs  w i t h in  3 t o  4 weeks o f  i n f e c t i o n  and t h e s e  models  
have provided much o f  t h e  a v a i l a b l e  data  on t h e  immune mechanisms  
r e s p o n s i b l e  for the  r e j e c t i o n  of  i n t e s t i n a l  p a r a s i t e s .  In r e c e n t  
years  models o f  chronic  i n f e c t i o n s  which perhaps r e f l e c t  more accu r­
a t e l y  the  types  o f  i n f e c t i o n  important in  man and h i s  domest ic  s tock  
have re c e iv e d  more a t t e n t i o n .
In th e  f i r s t  s e c t i o n ,  ( l ( l )  and l ( 2 )  ) ,  th e s e  two typ es  o f  
i n f e c t i o n  were combined and t h e  e f f e c t  of  N. dubius on the  e l im in a ­
t i o n  o f  T« s o i r a l i s  suggested  th a t  N. dubius had an e f f e c t  on th e  
lymphoid component o f  the  immune mechanism which e l i m i n a t e s  
T. s p i r a l i s .  Previous  r e p o r t s  o f  th e  immunosuppressive e f f e c t  o f  
N. dubius ( s e e  Table 3 ) have not made any attempt to  examine th e  
competence o f  the c e l l s  in vo lved  in  t h e  response  a g a in s t  th e  con ­
c u r r e n t l y  admin is tered  h e t e r o l o g o u s  a n t ig e n .  I t  was not c l e a r  how 
t h i s  e f f e c t  on T. s p i r a l i s - r e a c t i v e  lymphocytes was ca u sed ,  but  
the  p resen ce  o f  N. dubius in f lu e n c e d  both s e n s i t i z a t i o n  and e x p r e s ­
s io n  of  immunity and w a s 'apparent in  th e  major c l a s s e s  o f  lymphocyte,
B and T. Concentrated ES-produo'ts were not c y t o t o x i c  for  lympho­
c y t e s  al though th e  e f f e c t  o f  t h e s e  products on mitogen r e s p o n s i v e n e s s  
o f  c e l l s  was never a s s e s s e d .
The change in th e  homing p a t t e r n s  o f  lymphocytes in  the  mice 
i n f e c t e d  w i th  T. sbiraTis.  and N. dubius may have been p a r t l y  re sp on ­
s i b l e  for th e  delayed e x p u ls io n  o f  T. s o i r a l i s  but th e r e  are a number 
o f  important p o in t s  which have to  be con s id ered  b e fo re  t h i s  c o n c l u ­
s i o n  i s  accepted .  The f i r s t  i s  th a t  mice g ive n  immune MLNC ( a n t i -  
T. s o i r a l i s ) p r io r  t o  a T. s o l r a l i s  i n f e c t i o n  do not show enhanced
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homing p a t t e r n s  and y e t  have a good immunity to  c h a l l e n g e  i n f e c t i o n  
so enhanced homing may not be e s s e n t i a l  in  th e  immune e l im i n a t i o n
of  T. s p i r a l i s . S e c o n d ly ,  N. dubius i n f e c t e d  mice  did  not show
enhanced homing p a t t e r n s  at any t ime during i n f e c t i o n ,  although  
t h i s  was a s s e s s e d  o n ly  t i l l  day l 6 ,  more important however,  i s  t h a t  
t h e r e  was no evidence of  decreased homing in t h e s e  mice* Only the  
enhanced homing as a r e s u l t  o f  th e  T. s o i r a l i s  i n f e c t i o n  was d e la y e d .  
The change in the  homing p a t t e r n s  could be a measure of  N. dubius  
induced changes in th e  microenvironment of  the  small  i n t e s t i n e  which  
d e la y  the  onse t  o f  the  inflammatory changes t h a t  f i n a l l y  e l im in a t e  
T, s p i r a l i s * However, th e  attempt to measure th e  a b i l i t y  o f  mice
to  respond to  an i n e r t  f i l t e r  was not a l t e r e d  during an N, dubius
i n f e c t i o n  a l th ough ,  once aga in  t h e r e  are  some l i m i t a t i o n s  on t h i s  
i n t e r p r e t a t i o n .
C e r t a in ly  the  d epressed  lymphocyte responses  may be one o f  the  
reasons  why N* dubius s u r v iv e s  for  such a long period in  NIH mice  
but d ep ressed  responses  o f  lymphocytes from mice i n f e c t e d  w ith  o ther  
nematodes have been demonstrated here and in th e  work o f  Ljungstrom 
( l 9 8 0 ) .  Other reasons  must a l s o  be co n s id e r e d .  There has a l s o  no 
doubt been s e l e c t i o n  for  a s t r a i n  o f  N. dubius which i s  r e s i s t a n t  
t o  th e  at tempts  o f  the h os t  to  br ing about i t s  e l im i n a t i o n  and i t  
may b e ,  as suggested  by Dobson and Qven (1977) th a t  N. dubius i s  
s u s c e p t i b l e  to  even s l i g h t  s e l e c t i o n  p r e s s u r e s .  Day e t  a l  ( l 9 7 9 )  have 
sugges ted  t h a t  N* dubius may be i n s e n s i t i v e  to  inflammatory changes  
in  t h e  h o s t ' s  i n t e s t i n e  and so may be ab le  t o  avoid e x p u l s io n .  The 
r e s u l t s  presented  here  show c l e a r l y  t h a t  i f  th e r e  are  s e v e r e  in f la m ­
matory changes in the  i n t e s t i n e ,  such as th o se  induced by T, s o i r a l i s  
i n f e c t i o n ,  then N* dubius w i l l  be e l im in a t e d .  From prev ious  exp er­
i e n c e  t h i s  does  not occur when high numbers 200-300  N* dubius are
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p r e s e n t  and the  immunosuppressive e f f e c t  o f  N. dubius may be 
r e s p o n s i b l e  for  t h e  cont in u ed  s u r v i v a l  o f  N, dubius a f t e r  e l im in a ­
t i o n  o f  T, s o i r a l i s »
U n fo r tu n a te ly  i t  i s  net  p o s s i b l e  t o  make a d e f i n i t i v e  s t a t e ­
ment on th e  mechanism which causes  t h e  immunosuppression during  
N. dubius i n f e c t i o n .  Changes in homing p a t t e r n s  may be important'  
as fa r  as resp on ses  to  i n t e s t i n a l  he lm inths  and other  i n t e s t i n a l  
a n t ig e n s  are concerned but may not be r e s p o n s i b l e  for  th e  dep ressed  
res p o n se s  to  some o f  th e  h e te r o lo g o u s  a n t ig e n s  mentioned e a r l i e r  
( s e e  Table  3 )• The c o n t r i b u t i o n  o f  a n t ig e n ic  co m p et i t io n  to  the  
immunosuppression may be l a r g e .  Day e t  a l  ( l 9 7 9 )  have shown t h a t  
N. dubius produces a la r g e  number of  55-products  and t h i s  a n t i g e n i c  
o v er lo a d in g  may reduce th e  response  t o  th e  important p r o t e c t i v e  
a n t ig e n s  and a l s o  might ex p la in  the  depressed  respon ses  to  m itogen s .
The second s e c t i o n  o f  the  t h e s i s  d e a l t  mainly w ith  at tempts  to  
s t i m u l a t e  and a n a ly s e  t h e  resp onse  to  N, d u b iu s . The r e l a t i v e  lack  
o f  s u c c e s s  w ith  serum and c e l l  t r a n s f e r s  can on ly  be a t t r i b u t e d  t o  
th e  t im in g s  of  th e  c e l l  c o l l e c t i o n s  and t r a n s f e r s  and i n f e c t i o n s .
Behnke and Parish  ( in  p r e s s )  have shown t h a t  immunity to  N. dubius  
can be t r a n s fe r r e d  s y n e r g i s t i c a l l y  w ith  c e l l s  and serum from m u l t i p l y  
immunized donors .  The f a i l u r e  to  t r a n s f e r  immunity with  MLNC from 
mice immunized with  i r r a d i a t e d  la r v a e  was s u r p r i s in g  but again the  
t im ings  o f  th e  events  may not have been q u i t e  r i g h t .
The f i e l d  s t r a i n  p a r a s i t e  which i s  b e l i e v e d  to  be Heliqmosomoides  
Dolvovrus  p o lvovrüs^showed i n f e c t i o n  c h a r a c t e r i s t i c s  in  NÎH mice  
which were markedly d i f f e r e n t  from th o s e  of  the lab ora tory  s t r a i n  
H. DolvavTus b ^ k er i . The f i e l d  s t r a i n  i n f e c t i o n  s u r v iv e d ,  only  j u s t ,  
in  NIH mice but th e  most i n t e r e s t i n g  p o in t  v/as t h a t  i t  conferred  a
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s u b s t a n t i a l  degree  of  p r o t e c t i o n  t o  c h a l l e n g e  i n f e c t i o n  w ith  
la b o r a to r y  s t r a i n .  This  i n d i c a t e s  t h a t  th e r e  must be a c o n s i d e r ­
a b le  d egree  of  common 'sh ared '  a n t ig e n s  between t h e s e  two p a r a s i t e  
v a r i a n t s  even though th e  l a b o r a to r y  s t r a i n  i n f e c t i o n  i s  b e t t e r  
adapted to  la b oratory  m ice .  I t  would be i n t e r e s t i n g  to  p assage  th e  
f i e l d  s t r a i n  p a r a s i t e  through lab ora tory  mice for s e v e r a l  g en era ­
t i o n s  t o  determine whether or not s i m i l a r  adaptation  occu rs .
Although not recorded here ev idence  i n d i c a t e s  th a t  th e  f i e l d  s t r a i n  
p a r a s i t e  s u r v iv e s  a t  very  lov; i n f e c t i o n  l e v e l s  in  A. s v l v a t i c u s .
The magnitude o f  th e  respon se  which was s t im u la ted  in  NIH mice may 
t h e r e f o r e  r e f l e c t  th e  g r e a t e r  immunogenicity o f  the  f i e l d  s t r a i n  
l a r v a e .  Low l e v e l  and t r i c k l e  i n f e c t i o n s  in NIH mice should a l s o  
be examined.
As was concluded at th e  end of th e  d i s c u s s i o n  o f  s e c t i o n  2 the  
f u l l  experimenta l  p o t e n t i a l  o f  i r r a d i a t e d  N. dubius lar vae  has y e t  
to  be r e a l i s e d .  The b a s i c  parameters o f  immunization have been  
e s t a b l i s h e d  and th e  e f f e c t i v e n e s s  i s  w ithout  q u e s t i o n .  The major 
f a c t o r  in  th e  s t i m u l a t i o n  of  immunity i s  b e l i e v e d  to  be the  trapping  
of i r r a d i a t e d  larvae  fo l lo w ed  by t h e i r  eventual e l im i n a t i o n  w i t h in  
th e  gut mucosa. Subsequent i n f e c t i o n s  are then at tacked  v / i th in  the  
t i s s u e  so th at  th e  s e l f - c u r e  response  reported by other  authors  
and th e  spontaneous-cure  recorded in o ther  systems become l e s s  
important elements  in  hos t  immunity. The speed with  which c e l l s  
can i n f i l t r a t e  th e  t i s s u e  surrounding th e  p a r a s i t e  w i th in  the  mus-  
c u l a r i s  externa i s  a l l  important .  Unless  th ere  i s  an e f f e c t i v e  
resp on se  at t h i s  s t a g e  i t  aopears th a t  the  p a r a s i t e  can escape  to  
th e  r e l a t i v e  s a f e t y  o f  th e  gut lumen. When t h i s  occurs  then those  
oth er  mechanisms, mentioned above,  may come i n t o  o p e r a t io n .  In NIH 
mice and in  the  o ther  s t r a i n s  used in  t h i s  study they  were not
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o p e r a t i v e .  The e v id e n c e  presen ted  here s u g g e s t s  t h a t  fu r th er  s t u d i e s  
on immunity t o  N. dubius  must co n s id e r  th e  d i f f e r e n t  l e v e l s  at  which  
immunity can be exp ressed .  In order to  do t h i s  a mouse s t r a i n  such
as the  LAF, which shows soontaneous  cure would be in v a lu a b le .
1
Fa-.r.allel s t u d i e s  in  NIH and LAF mice would y i e l d  important in forma-  
t i o n  on th e  respon se  t o  N. d u b iu s .
H i s t o l o g i c a l  changes should be re-examined.  The apparent lack  
of  h i s t o l o g i c a l  change about N. dubius during e x p u ls io n  in LAF  ^
mice might i n d i c a t e  t h a t  th e  damage t o  th e  p a r a s i t e  was i n f l i c t e d  at  
an e a r l i e r  s ta g e  and i s  on ly  l a t e r  ex p ressed .  However, i f  t h i s  i s  
th e  c a s e  then hypotheses  of  n o n - s p e c i f i c  inflammatory mechanisms o f  
worm e x p u ls io n  w i l l  have t o  be r e s t r i c t e d  in  t h e i r  a p p l i c a t i o n .
The f i n d i n g s  with  i r r a d i a t e d  lar vae  p resen t  an i d e a l  s i t u a t i o n  
for  the, examination o f  t h e  ty p e s  of  c e l l  which are invo lved  in  the  
resp on se  a g a in s t  t h i s  p a r a s i t e .  They may a l s o  lead to  a s u i t a b l e  
model for  the  examination o f  the  e f f e c t  o f  i r r a d i a t i o n  on nematode 
p a r a s i t e s ,  perhaps y i e l d i n g  in form at ion  on whether or not  i r r a d i a t e d  
la r v a e  a r e ,  worm for  worm, more immunogenic than la r v a e .
The use o f  double  i n f e c t i o n s  of  T. s o i r a l i s  and N. dubius to  
i n v e s t i g a t e  a s p e c t s  o f  supp ress ion  provided some u s e f u l  r e s u l t s  but  
th e  very  com p lex i ty  of  th e  system s u g g e s t s  th a t  another approach has 
to  be employed. An *in v i t r o *  c u l t u r e  system ,  a s s e s s i n g  responses  
to  a co n c u r r e n t ly  adm in is tered  a n t ig e n  i s  recommended. A renewed 
search for c i r c u l a t i n g  immune complexes should be i n i t i a t e d .  This  
was attempted h e r e ,  (though not r e p o r t e d ) ,  us in g  an anti-worm a n t i ­
serum r a i s e d  in  r a b b i t s ,  but th e  techn ique  was crude and d e s p i t e  
s e v e r a l  attempts  y i e l d e d  no u s e f u l  in fo rm a t io n .
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Research on N, dubius has been slow to  progress  main ly  because  
of  t h e  need to e s t a b l i s h  th e  b a s i c  background in form at ion  which i s  
r e a d i l y  a v a i l a b l e  for o ther  la b o ra to ry  models of  i n t e s t i n a l  helminth  
i n f e c t i o n  e . g ,  M. b r a s i l i e n s i s  and T. s p i r a l i s . Various l a b o r a t o r i e s  
have made s i g n i f i c a n t  c o n t r i b u t i o n s .  I t  i s  hoped t h a t  t h i s  t h e s i s  
has helped e s t a b l i s h  some b a s i c  parameters but a l s o  th a t  the  inform­
a t io n  conta ined  here in  w i l l  s t i m u l a t e  new and f r u i t f u l  l i n e s  o f  
r e s e a r c h .
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